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PREFACE 


Since the last revision of my treatise, “The Metallurgy of Lead and the 
Desilverization of Base Bullion,” physical and chemical research has given 
precision to the knowledge of the properties of lead, its alloys and com- 
pounds, and of many metallurgical reactions; the character of the ores treated 
has changed; blast roasting has revolutionized the details of the treatment of 
lead ores; the recovery of values from intermediary products has been modified; 
the ordinary practice of desilverization of lead bullion has been altered and in 
part supplemented by electrolysis. 

In undertaking to prepare a new edition it was found that by far the larger 
part of the book had to be rewritten, and the remainder altered to a considerable 
extent. The present work has become a new book. It retains only the chap- 
ters dealing with reverberatory smelting of lead ores and with German cupella- 
tion in about their original forms. While the smelting of sulphide lead ores in 
the reverberatory furnace has become absolete with the advent of blast roast- 
ing, the treatment of the intermediary products of a refinery in the furnace has 
grown in importance. It seemed advisable to retain this chapter which, in 
addition to the chemistry of the processes, contains much information of prac- 
tical value. The reason that prompted the retention of German cupellation 
was that cupellation as a process can not be studied satisfactorily with English 
cupellation, which has become the general method of working. The parts deal- 
ing with receiving, weighing, and sampling of ores have been omitted, as they 
have been thoroughly discussed elsewhere. 

Since 1892 I have reviewed annually in the Mineral Industry the progress 
that has been made in the metallurgy of lead and lead-silver, and have thus 
remained in touch with what is going on in this branch of metallurgy- As a 
study of the technical literature is insufficient for this purpose, the leading lead 
plants of the United States and Canada have been visited. The importance 
of such a study becomes evident when the drawings and working data given 
in the present book are compared with those contained in the preceding edition. 

I desire to express my obligation to the American S. & E. Co., Balbadi 
S. & R. Co., Consolidated M. & S. Co. of Canada, Eagle-Picher ibead Co., 
International S. Co., Noxthport S. & R. Co., St. Louis S. & R. Co., 
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United States S. R. & M. Co., for the privilege of studying their various plar 
and to the officers at the works for the interest they have shown in my endeavc 
also to several manufacturing firms for the permission to use ia number of tt 
blueprints. In looking at the finished treatise it becomes evident that, with( 
this assistance from the works, the aim to write a book which represents modi 
practice could not have been attained. 

In carrying out calculations, and in seeing the book through the presi 
have had the assistance of Professors C. R. Hayward, G. A. Roush, and H. 
Seaver. 

H. O. HorMAN. 

Massachusetts Institute of Technology, 

Cambridge, Mass., August, 1918. 
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METALLURGY OF LEAD 

CHAPTER I 
INTRODUCTION 

I. Historical Notice.^ — ^Lead is one of the six so-called prehistoric metals. 

The Egyptians^ used only copper in the first prehistoric period ( 7000 B.C., 

long chronology) ; in the second (7000-5000 B.C;), gold, silver, and lead came in 
together; in the i8th Dynasty (1600-1400 B.C-)j lead became very common. 
One of the oldest pieces of lead extant is probably that of a figure in the British 
Museum^ which antedates 3800 B.C. 

The Phoenicians, called the greatest metallurgists of antiquity, founded 
Cadiz about 2300 B.C. They worked the Rio Tinto deposits in which silver- 
bearing galena occurs in the gossan of the pyrite; their slag-dumps are under- 
lain by older slag-heaps. That they traded for lead is mentioned in Ezekiel, 
XXVII, 12. 

In the library of Ashur-bani-pal (668-626 B.C.) are found many bilingual 
copies of Babylonian originals from about 2000 B.C.; one of these contains 
a hymn to the fire-god, “Gibil — of copper and lead their melter art thou, of 
gold and silver their purifier art thou.”*^ At Assur (1300 B.C.) a block of lead 
with inscriptions, weighing 1,000 lb., was found, beneath which were plates of 
gold and silver.^ Lead must have been a well-known metal with the Hebrews, 
as in Exodus, xv, 10, it is said that the Egyptians sank as lead in the mighty 
waters. 

The Greeks mined lead ores on the islands of Rhodes, Cyprus, and Euboea. 
The silver-lead mines of Laurium in Attica were in operation before 560 B.C.; 
they flourished 100 years later, and were considered to be worked out at 
the beginning of our era. In 1863 they .were re-opened by a French 

1 Frantz, A,, “Blei und Zinn im Alterthum,” Berg. u. Hutkmn. Z., 18S0, xxxrx, 365, 437, 
449 - 

Hofmann, K. B,, “Das Blei bei den Volkern des iUterthums,’' Heft 472 of Virchow- 
Holtzendorfif’s “Sammlung gemeinverstandlicher wissenschaftlicher Vortrage,” Habei, Berlin, 
1885. 

Pulsifer, W. H;, “Notes for a History of Lead,” Van Nostrand, New York, 188S. 

Freise, OesL Zt. Berg. u. Hiittenw., 1905, Lm, 354, 367, 383, 391, 405, 436. 

2 Petrie, “The Metals in Egypt,” “Ancient Egypt,” 1915, pt. i, 12-23; abstr., Eng. Min. 

1914, xcviii, 912. 

3 Agricola, G., “De re metallica,” 1556; transl. by Hoover, H. C. and L. H., Mining 
Magazine, London, 1912, 390. 

^Delitsch, F., “Assyrisches Handworterbuch,” Hinrichs, Leipsic, 1896, 176 and 221. 

6 Andrae, Mittheilungen der Deutchen Orient-Gesellschaft, June, 1914, No. 54. 
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company^ which erected smelting works and treated new ore and the ancient 
concentration- and slag-dumps; the works are in operation at present. 

The Romans worked lead mines in Sardinia, which had been opened uj:) by 
the Phoenicians and operated by the Carthaginians, and in southeastern Spain 
in the third century B.C.; both regions are lead producers today. While the 
Romans spared the mineral resources of Italy, they carried on mining operations 
in conquered countries; thus in Gaul they extracted ore at Villefranche, Pont- 
gibaud, Evreux, Lillebonne, and other places; in Britain,^ in Somersetshire, 
Derbyshire, Shropshire, etc., where they found slag-dumps proving that the 
Britons before them had mined and smelted silver-lead ores. In Germany 
some Roman mines in the region of the Rhine were opened up between 700 
and 1000 A.D.; the celebrated mines in the Harz mountains were discovered 
in 96S, those of Saxony, Silesia, and Bohemia about 1200. 

At present the United States is the leading lead producer of the world. In 
this country® lead mining dates as far back as 1621, when lead was mined and 
smelted near Falling Creek, Va. During colonial times lead mines were oper- 
ated mainly in North Carolina, New York, and the New England states, 
but only on a small scale, and not very successfully. The mines principally 
mentioned are the Washington mine, Davidson county, N. C., the Rossie 
mine, St. Lawrence county, N. Y., and the mines near Middleton, Conn., and 
Southampton, Mass. None of them were worked continuously, and at present 
there are produced in the East only about 4,000 tons of lead, of which Oklahoma 
furnishes over 2,000 tons, the rest coming from Virginia, Tennessee, and North 
Carolina. 

Lead ores are supposed to have been found in Wisconsin in 1682 by Perrot.'^ 
The lead ores of Missouri were discovered in 1700 by Pennicaut, one of Le 
Sueur’s party, and were first worked successfully in 1720; Mine La Motte, of 
Madison county, which is worked at present, was the first deposit discovered. 
In the Wisconsin-Iowa region the first mining was done by Dubuc|ue on the 
place where the city, named after him, now stands. 

From these two districts, the lower and upper Mississippi Valley, came the 
bulk of the lead of the United States until 1867 when the first great mines of 
the West were opened. The total reached 205,462 tons in 1915.® As the pro- 
duct of the country was 550,055 tons, these districts furnished nearly 38 per 
cent, of the entire output. The rest came from the western states which 

^ Cordelia, Berg. u. Huttenm. Z., 1864, xxm, 285, 1865, xxiv, 20. 

J~>zcToix,Gluck auf., 1897, xxxm, 31, Chem. Z. ReP-f 1897, xxi, 31. 

Georgiades, Bull. Ind. Min., 1897, xi, 523. 

Erast, Oest. fahrh., 1902, r, 50, 447. 

CoUins, Eng. Min. J ., 1904, Lxxvm, 751; 1905, nxxix, 363; 1909, Lxxxvm, 881. 

Guillaume, Ann. Min., 1909, xv, 5; Eng. Min. J., 1909, Lxxxvm, 446. 

® Hunt, R., “British Mining,” Crosby, Lockwood & Co., London, 1884, p. 21. 

* Ingalls, W. R., “Lead and Zinc in the United States,” McGraw-Hill Book Co., Inc., 
New York, 1908. 

* Irving, Tr. A. I. M. E., 1880, vtn, 498. 

* Min, Res, U. S., 1915, i, 187. 
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produce argentiferous lead ores, while those from the Mississippi Valley are 
non-argentiferous, that is, do not contain enough silver to pay for its extraction. 

The. first discovery of argentiferous lead ore was made in 1863 in Little 
Cottonwood Canyon, Utah; the first smelting of such ores was carried on in 
1865 at Argenta, Mont.; in 1867 similar ores were found at White Pine, Nev., 
and smelting was begun at Oreana, Nev. In i86q the mines of Eureka, Nev., 
discovered in 1864, were opened up, and the treatment of ores was begun in 
the following year. Next came Utah, where smelteries were erected in 1S70, 
followed by Colorado, which came into prominence in 1878. Later Idaho, 
New Mexico, and Arizona were added to the list. Colorado for many years 
was the largest producer of lead ores, but it has been outranked by Idaho and 
Utah since the exhaustion of the wonderful mines of Leadville after i8go; it 
furnishes at present only 6—7 per cent, of the country’s product, and this high 
figure is largely due to the central smelting works of Denver and Pueblo which 
treat more lead ore mined outside of the state than produced in it. 

The manner in which prehistoric people extracted lead from ore is unknown. 
If we recall that oxide and sulphide ores readily give up lead when heated 
with charcoal, we can imagine that the accidental discovery of this, fact may 
have led. to the most primitive furnace, a small pit dug into the ground and 
enclosed by stones to form a small shaft. If at first such furnaces were worked 
by natural draft, blast (reeds, bellows) must have been applied to produce the 
temperature required to form slag. The furnaces (cavity 30 in. deep, side-walls 
26 in. high, 2 tuyere-openings) found in Sinai in which copper ores were smelted 
about 4000 B.C.^ had this form; the furnaces of Laurium were similar. In 
early times low shaft furnaces with natural or forced draft formed the ap- 
paratus, and charcoal the fuel. Agricola^ states that in 1556 the inhabitants 
of the present Austrian province of Carinthia used what may be called a closed 
stall with inclined bottom for treating galena; they kindled a vrood fire and 
charged the ore upon it, whereupon lead was liberated and, trickling down the 
hearth, was collected in a basin. Similar contrivances, the Log-furnace and 
Ash-furnace,^ were used in smelting ores in the Mississippi valley about 1720. 
These were in operation until 1836, when the first Scotch ore-hearth was erected. 
Percy^ states that in 1730 the ore-hearth was in operation in Derbyshire, 
England. 

The reverberatory furnace^ fired with coal was first used by Wright in 
Flintshire, Wales, in 1698. Its use is said to have been suggested by the Span- 
ish priest Alonzo Barba in his book ‘‘Arte de los.Metales, etc.,” published at 
Madrid in 1640. In the English translation by the Earl of Sandwich of 1669, 
published by S. Mearne, London, 1674, no such suggestion appears, but even 

1 Flinders-Petrie, W. N., ‘‘Researches in Sinai,” Dutton & Co., New York, 1906, 242. 

2 Op. cU., 390. 

® Ingalls, op. ciL, p. 96. 

^ “Lead,” 216. 

® Schluter, C. A., “Griindlicher Unterricht von Hiittenwerken,” Meyer, Brunswick, 1738, 
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if it had, the text of Barba is so unmetallurgical that his advocacy could 
amount to little if anything. 

The separation of lead and silver is accomplished mainly by cupelling. 
It does not seem reasonable to suppose that the silver in the earliest times was 
obtained exclusively from ores containing native silver; the supposition that at 
least a large part was extracted from argentiferous galena is likelier, and this 
requires cupellation. ^ The earliest actual reference to this process is probably 
that found in the hymn to Gibil (p. i); another is the one in Jeremiah, 
VI, 29, 30, who lived about 600 B.C.; the remains of Laurium show that cu- 
pellation was in operation there. Silver was abundant in Babylonia about 
4000 B.C.; this- leads to the belief that cupellation had its origin there. The 
silver vase of Entemena, 2800 B.C., 28 in. high, beautifully wrought, standing 
on a copper base 7 in. high^ shows the metallurgical skill of the Babylonians at 
this early date. 

2. Statistics. — The world’s production of lead in 1913 is given in Table i, 
that of the United States in 1916 in Table 2. 


Table i. — World’s Production of Lead in 1913-’ 
(In metric tons) 



116.000 
22,312 

35,750 

17,089 

28,000 

181.000 


3,600 

55,300 

1,000 







203,000 

1,235 

48,962 

39 <J ,034 

France 

Sweden 

G-ftrmany 

United Kingdom 

Greece 

18,309 

1,790 

21,674 

United States 



Italy 

Total 

1,142,264 




Table r shows that the United States produced 34 per cent, of the world’s 
lead. Of the different states given in Table 2, Missouri ranks first in the output 
of lead ores, and these are non-argentiferous. It is followed by Idaho where is 
mined silver-bearing galena; next come Utah and Colorado with lead ores con- 
taining silver. These four states furnish nearly 90 per cent, of the country’s 
lead. In addition to the primary lead produced from native and foreign ores 
there has to be considered a considerable amount of secondary or junk lead,'* 
that is, lead and lead alloys recovered from scrap, junk, and drosses, which equals 
from 10 to 15 per cent, of the primary lead produced from ores- 

Beside metallic lead there is produced direct from ore a product known as 
sublimed lead, a mixture of sulphate and oxide of lead. 

^Benner & Hartmann, “Early History of Cupellation,” Min. Sc. Press, 1912, civ, sox. 

2 Handcock, P. S. P., “Mesopotamian Archaeology,” Putnam, New York, 19x2, p. 265. 

^Mineral Industry, 1916, xxv, 456. 

* Liddell, Eng. Min. J., 1912, xc, 452. 

Dunlop, Min. Res. U. S., 1914, i, 17-25. 
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Table 2: — United States’ Production or Primary Lead in 1916 
(In short tons, apportioned according to source of ore) 


Domestic ore; 

Alaska 659 

Arizona 15,328 

Arkansas 170 

California 3,633 

Colorado 33,046 

Georgia 9 

Idaho 170,059 

Illinois 670 

Kansas i,737 

Kentucky 37 

Missouri 218,253 

Montana 4,961 

Nevada 11,858 

New Hampshire 46 

New Mexico 3,290 

Oklahoma 10,969 

Oregon 9 

South Carolina 8 

South Dakota 12 

Texas . 26 

Utah 111,789 

Virginia 740 


Domestic ore; 

Washington. . : 217 

Wisconsin 3,121 

Undistributed 96 

Zinc residues 5,47S 

Total from domestic ore.. 596,221 

Foreign ore: 

Africa 3 28 

Canada 1,231 

Central America 7 

Mexico 1,917 

South America 2,366 

Other foreign 236 

Foreign lead bullion; 

Canada 1,072 

Mexico 11,598 

South America iSt 

Total from foreign ore 1 

and lead bullion ; 18,906 


;| Grand total from all sources.. I 615,127 


There are sold in the market three grades of primary metallic lead: De- 
silverized, soft, and antimonial lead. The statistics for 1916^ are given in 
Table 3. 

Table 3. — Grades oe Prim.ary Le.-id of the United St.ates in 1916 


(In short tons) 

Domestic desilverized lead 316,469 

Domestic soft lead 165,015 

Domestic desilverized soft lead 70,744 

Foreign desilverized lead 18,906 


Total production of refined primary lead 57i,i34 

Production of antimonial lead 24,038 


The average price of desilverized lead in New York in 191 6 was 6.S58 cts. per 
pound; that of soft, lead which comes from non-argentiferous ore brings from 
5 to 10 cts. per 100 lb. less than does the desilverized; the price of antimonial 
lead varies with the amount of antimony which ranges from 15 to 30 per cent., 
averaging 16 per cent. 

Tn 1914, with an average price of 3.682 cts. per pound in New York, the 
total cost of production could not exceed 3.5 cts. per pound if it was to pay 
expenses.^ 

’U. S. Geol. Survey, 1917. 

^U. S. Geol. Survey, 1917. 

singaUs, Eng. 1914, xcvm, 1073. 



6 


METALLURGY OF LEAD 


The uses of lead are many. The metal is used in the form of sheet and pipe. 
Different pieces are joined by burning^ and soldering.^ Other forms of metallic 
lead, used mainly for calking, are lead wool,^ powdery lead,"^ and ribbon lead.^ 
Granulated lead is used for assay purposes. Lead forms a part of important 
alloys, and serves for making white lead, litharge, red lead, orange mineral, etc. 

3. Bibliography. — The leading manuals on non-ferrous metallurgy contain 
valuable chapters on the metallurgy of lead and lead-silver, as, e.g., those 
of Stolzel (1863), Kerl (1881), Balling (1885), Phillips-Bauermann (1891), 
Schnabel-Louis (1905), Hildebrandt (1906), Borchers-Hall-Hayward (1911), 
Sexton-Primrose (1911), Prost (1912), Austin (1913), Wysor (1913), and 
Gowland (1918). 

The following are the principal publications dealing with lead and lead- 
silver: 

Cahen, M. “La m^tallurgie du plomb,” Rev. Univ. Min., 1863, xiii, i, 16 1; reprint Noblet 
8z: Baudry, Paris-Li&ge, 1863. 

GRtiNER, L. “Sur I’etat actuel de la m^tallurgie du plomb,” Ann. Min., 1868, xiii, 325; 1869, 
XV, 519; reprints Dunod, Paris. 

Percy, J. “Metallurgy of Lead,” Murray, London, 1870. 

RrvOT, L. E. “Traits de M6tallurgie,” Dunod, Paris, 1873, Vol. ii. 

Eissler, M. “Metallurgy of Argentiferous Lead,” Crosby, Lockwood & Sori, London, 1891. 
Laicbert, Th. “Lead and Its Compounds,” Scott, Greenwood & Co., London, 1902. 

Iles, M. W. “Lead Smelting,” Wiley, New York, 1902. 

Ingalls, W. R. “Lead Smelting and Refining with Some Notes on Lead Mining,” McGraw- 
Hill Book Co,, Inc., New York, 1906. 

Hixon, H. W. “Notes on Lead and Copper Smelting and Copper Converting,” McGraw-Hill 
Book Co., Inc., New York, 1908. 

Collins, H. F. “Metallurgy of Lead,” Griffin, London; Lippincott, Philadelphia, 1910. 

Of the works quoted, that of Percy, while old, retains a permanent interest 
on account of the chapters on the fire-chemistry of lead; the only modern work 
which aims at completeness is that of Collins. 

• ^ Rothwell, Min. Ind., 1895, iv, 735. 

Lunge, G., “Sulphuric Acid and Alkali,” Gurney, London, 1903, i, 433 and foil. 

Fay, C. H., “The Art of Lead Burning,” D. Williams Co., New York, 1905. 

Schoop, Met. Chem. Eng., 1905, m, 200. 

Lightfoot, op. ciL, 1908, VI, 12. 

2 Richter, C., “DasLothen des Bleies,” Hartleben, Leipsic, Vienna, 1896. 

3 Editor, Ewg. Min. J., 1906, Lxxxn, 592. 

Reinicker, Gas Age, 1915, xxxv, 325. 

^ BaOey, U. S. Patent, No. 846384, March 5, 1907, and No. 864443, August 27, 1907. 

® Editor, Brass World, 1910, vi, 173. 
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PROPERTIES OF LEAD 


4. Physical Properties. — Small specimens of native lead have been found in 
a few localities; all metallic lead is obtained by the reduction of lead compounds. 

Lead is the heaviest of all base metals, having according to Reich^ at 0° C. 
(water at 4 ° C. being unity) a specific gravity of 11.37 either cast or rolled; 
the figure for liquid lead at about 320° C. is 10.645.- Commercial lead has a 
lower specific gravity than 11.37 on account of the impurities it contains. 

A freshly cut surface shows considerable luster, but loses it quickly when 
exposed to- atmospheric air. 

The color is a bluish-gray. 

It does not crystallize readily. 

When cooled slowly, as in the Pattin- 
son process (§219), bundles of small 
imperfect octahedrons form. Also, 
when refined lead is poured at the cor- 
rect temperature into a warm mold and 
allowed to cool slowly, fernlike iso- 
metric crystalline aggregates appear at 

the surface. Fig. shows dendritic 
r r 1 j i i. i. Fm. I. — Cast lead, 356., dendritic forms, 

forms of lead cast upon a stone; octa- 
hedral shapes are seen in Fig. 2^ which remained in pouring off the liquid 
portion from slowly cooled molten lead through an opening in the solidified 
surface. Isometric and monoclinic crystals w'ere obtained by Lehmann® in 
electro-depositing the metal by varying the current density. Other photo- 
micrographs have been published by Cartaud-Osmond® and Waser-Kuhnel.’ 
It has been proved that there exist allotropic forms of lead.® Desch^ believes 



prakt. Chem., 1859, lxxvtii, 328. 

2 Vicentini and Omodei, Ann. Phys. BeibL, 1888, xii, 176. 

» Campbell, Sixth Report Alloys Research Committee, 1904, Appendix. 

^ Campbell, op. cit. 
s Zl. Kristallogr, 1889, xvii, 274. 

® Ren. MU., 1907, rv, 819. 

2 Electrochem. Zt., 1912, xvm, 151, 211. 

8 Loutschinky, R&o. MSt., 1909, vi, 986. 

Cohen-Inouye, Zt. phys. Chem., 1910, lxxiv , 202. 

Creighton, J. Am. Chem. Soc., 1915, xxxvii, 2064. 

Heller, Zt. phys. Chem., 1915, Lxxxix, 761. 

Cohen-Heldermann, op. cit., 1915, lxxxix, 733. 

Cohen, Met. Chem. Eng., 1915, xra, 953, 

Richards, /. Am. Chem. Soc., 1916, xxxvin, 2613; Met. Chem. Eng., 1916, xy, 63. 

9 Eng. Mag,^ igi6, li, 436. 
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that an allotropic change is the cause of the occasional breaking up of lead 
sheets into separate crystals, especially when in the presence of an electrolyte. 
Janecke^ noticed a transformation at 6o° C. 

Lead is especially soft when allowed to cool and solidify slowly; it is less 
soft when cooled quickly, and becomes hard when it contains slight admixtures 
of other metals, such as Cu, As, Sb, Zn, etc. The grade of commercial lead is 
often approximately determined by the resistance it offers to scratching with 
the finger nail, and the facility with which it makes a gray streak on paper. 

The tensile strength is low, 2600-3300 lb. per square inch; the elastic limit 
0.5 lb. The compressive strength is about 2.5 times the tenacity. 



Fig. 2. — Cast lead, reduced, octahedral forms. 


It is very malleable, being readily rolled into sheets and hammered into foil. 
Annealing begins to show its effect at 70° C.,^ and increases with rise of tem- 
perature to 25 o°-28o° C. At 100° C.^ crystallization occurs to a marked degree 
in a short time. RecrystalHzation of cold- worked lead at ordinary temperature 
takes place very slowly.^ Figs. 3 and 4 by Campbell® represent unannealed 
strips of lead rolled from small ingots cast in iron and stone molds; they have 

Zt. phys. Chem., 1915, xc, 257, 313. 

* Robin, Rev. Met., 1913, x, 722, 788. 

* Ewen-Rosenhain, Phil. Trans. Roy. Soc., 1900, cxcv, A, 279. Beilby, /. Inst. Met., 1911, 
VI, 2. 

*Baucke, Internal. Zt. Metallogr., xgxz, n, 243. 

® Log. cit. 
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a fine structure. Figs. 5 and 6 are photomicrographs of the same strips annealed 
for 7 days at about iSo'^ C.; the rearrangement and growth of crystals or grains 
are well shown. Fig. 7 shows a piece of sheet lead several years old, the 
small crystals have been formed in the strained metal by the growth of grain 
at ordinary temperature. The same sheet annealed for 7 days at 180° C., Fig. 
8, shows the remarkable growth of crystals taking place at a higher tem- 
perature. Lead is not sufficiently ductile to be drawn into fine wire. 

The fracture of lead is hackly when broken cold, columnar when hot. 

In the form of filings it becomes a solid mass if subjected to a pressure of 
13 tons per square inch^ and liquefies under 33 tons. 



Figs. 3 and 4. — Rolled lead, unannealed. Figs, s and 6. — Same lead, annealed. 

Gases^ such as O, SO2, H, N, CO, CO2, are insoluble in solid and liquid 

lead; the gases O and SO2 may combine with it under suitable conditions, but 
the others do not. 

The melting point of lead is 327.4° C.;^ at from 3° to 10° below its melting 
point it becomes very brittle.^ Its viscosity has been determined by Priiss.® 
The boiling point at 760 mm. is 1525° C.® Kahlbaum-Roth-Siedler’’ dis- 

^ Spring, Ann. Chim. Phys., 1881, xxn, 170; Bull. Soc. Ckim., 1883, xn, 520. 

2 Stakl, Chem. Z., 1916, xxxix, 885. 

3 Bureau of Standards, BiAl. 35, rpiS- 
Ewen-Rosenhain, J. Inst. Met., 1912, vm, 2; 1913, x, 119. 

^ Zt. anorg. Chem., 1915, xcm, i. 

® Greenwood, Tr. Faraday Soc., 1911, vu, 145. 

’’ Zt. anorg. Chem., 1902, 3 Dax, 278. 
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tilled lead^'and obtained sjnall globules with adhering cubo-octahedrons; Mois- 
san-Watanabe^ distilled alloys of Ag-Cu, Ag-Sn, and Ag-Pb, and found that 
these four 'metals can be arranged as to volatility in the following order: Pb, 
Ag, Cu, Sn. Molten lead does not give off any vapor at 5oo°-52o° C.;^ some 
vapor may be noticed at 85o°“9oo° C.; the presence of other metals, especially 
Zn and Sb, reduces the temperature at which vapor forms. The calculations of 
Richards^’show that lead is volatile to a small extent at a low red heat (625° C.). 



Fig. 7. — 'Sheet lead, several years old. Fig, 8. — Same lead, annealed. 


The coeiS-cient of linear dilatation of solid lead for i® C. is 0.2924X10"'^ at 
40° C.^, and 0,295 X at 320° C.;® that of the cubical dilatation of liquid lead 
is 1.29X10"^ at 325°-32 7® C. The mean specific heat of solid lead is 0.02925 
+ 0.0001 9^;® the heat in molten lead at its melting point is 11.6 cal. ; the latent 
heat of fusion, 4,0 cal.,* the heat in just melted lead, 15.6 cal,; the specific heat 
in liquid lead 0.042; the latent heat of vaporization 230 Cal. per kilogram; the 
specific gravity of the vapor 103.5 (referred to H at the same temperature and 
pressure), or 9.315 g. per cm.® at o"^ C. and 760 mm. pressure. The conductivity 
for heat X in g.-cal. per cm.® per deg. C., \t = X(i 4 -at), is 0.0836 for 0° C., 
and 0.0764 for 100® C-; or with Ag = 100, that of Pb at 12° C. is 8.5- 

The specific resistance in ohms at 0° C. of a wire i cm. long and i sq. cm. in 
section is 19.14X10“®; that of a wire i ft. long and Kooo in. in diameter is 
74.78X10“®; the percentage increase of resistance for 1° C. increase of tempera- 
ture at 20® is 0.387.'^ 

^ Compt. rend., 1907, cxLiv, 16. 

®Lewin, Metall. u. Erz., 1913, ,x, 441. 

» “Metallurgical Calculations,” McGraw-Hill Book Co., Inc., New York, 1908, pt. 3, 558. 

* Fizeau, Pogg. Ann., 1869, cxxxvin, 26. 

® Vicentini-Omodei, AUi di Torino, x 887-88, xxni, 38. 

® Richards, loc. cit., 55 7. 

^ “Standard Handbook of Electrical Engineers,” 3d Edition, McGraw-Hill Book Co,, Inc., 

York, 1908, pp. 131 and 134. 



PROPERTIES OF LEAD 


11 


5. Chemical Properties. — The atomic weight is 207.1. Lead undergoes no 
change in perfectly dry air. If melted in contact with air it is oxidized and 
becomes covered with an iridescent pellicle said to be Pb20 ; this slowly changes 
into PbO. If heated to from 300 to 500° C. for sufficient time PbO is converted 
into Pb304, which .is dissociated into sPbO and O at 550° C.^ All oxides with 
more O than PbO are completely decomposed into PbO and O at 630° C. 

Lead is not attacked by water that is free from air;^ its surface becomes dull 
by oxidation when in contact with water that is not free from air, or with atmos- 
pheric air on account of the water which this contains. The corrosion of lead 
service-pipes^ is the greater the softer the water; the presence of O hastens it, 
that of CO2 does the same up to a certain point and then retards it, on account of 
the coating of basic carbonate formed; nitrates, ammonium salts, and calcium 
and aluminum sulphates assist it. 

The best solvent of lead is HNO3; dilute HCl and H2SO4 have little or no 
action; boiling HCl and H2SO4 of 66° Be. dissolve it slowly. The researches of 
Lunge^ and Schmid® on the action of H2SO4 and HNO3 on lead of different 
degrees of purity gave important results. The following are the principal facts : 
The purer the lead the less will it be attacked by pure or nitrous sulphuric acid 
up to 200° C., the highest temperature employed under normal conditions in con- 
centrating pans; above 200° C. the action becomes stronger and at 260° C. lead 
is suddenly dissolved completely, S and SO2 being formed. This sudden 
effect of the acid can be slightly retarded by the addition of i per cent. Sb and 
prevented by the addition of 0.2 per cent. Cu to the lead. Concentrated nitrous 
sulphuric acid acts at all temperatures more powerfully than pure sulphuric 
acid, and the effect is greater in the presence of air. Dilute nitrous sulphuric 
acid of a sp. gr. of 1.72 to 1.76 is not as powerful as the pure acid, although if 
the dilution be continued beyond this point the power increases again instead of 

^ Millbauer, Cheni. Z., 1908, xxxiii, 513, 522; 1912, xxx\u, 1436, 1484. 

Reinders-Hamburger, ZL a-norg. Chem., 1914, lxxxex, 71. 

2 Lambert-Cullis, Tr. Chem. Soc.y 1915, cvii, 210. 

^Wolffhiigel, Arbeiten Kais. Gesundheitsatnt, 1904, n, 112. 

Paul-OhlmuUer-Heise-Auerbacli, op. ciL, 1906, xxiii, 333 {Zi. Elcctrochem., 1906, xii, 428). 

Clowes, Proc. Chem. Soc.^ 1902, xvin, 46. 

Fordos, Compt. rend., 1873, Lxxvn, 1099, 1186; 1874, lxxat;i, 1108, 1401. 

Clark, ‘'Mass. Board of Health Report,’’ 1898, 541-385-, 1900, 487. 

Heyn, “ Versuche uber das Verhalten von Kupfer, Zink, und Blei gegeniiber Zement, Beton, 
und den damit in Beruhrungstehenden Fliissigkeiten,” Ernst and Korn, Berlin, 191X, 59 pages. 

Scala, Mem. accad. Lincei, I9i2(?), vm, 576 {Abstt. Ani.Chem. Soc., 1912, vi, 1271); 1913, 
XXII, 15s (Abstr. J. Inst. Met., 1913, x, 413)- 

Vaubl, Zt. angew. Chem., 1912, xxv, 2300- 

Gaines, J. Ind. Eng. Chem., 1913, v, 766. 

Heap, J. Soc. Chem. Ind., 1913, xxxn, 771, 81 1, 847. 

Lambert-Cullis, Proc. Chem. Soc., 1914, xxx, 198; J. Chem. Soc., 1915, cvn, 210. 

^ Eng. Min. J., 1893, LV, 8, 32, 56. 

® “tlber die Einwickung von reiner, nitroser und rauchender Schwefelsanre und Salpeter- 
sSure auf reines Blei und Legirungen von Blei mit Antimon und Kupfer,” Riehne, B 41 e, 1892; 
Zt. anorg. Chem., 1892, n, 451, 642. • 
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diminisMiLg. Junge^ found that in the matter of corrosion by nitrous sulphuric 
acid, smoothness or a roughness of surface made more difference than a slight 
variation in the chemical composition, the rough surface being the more readily 
attacked. 

Sanderson^ combats the idea that Sb and Cu have a retarding effect upon 
the dissolution of lead, his experiments in two sulphuric acid plants having 
shown that even small admixtures of Sb and Cu weakened the lead, and that 
the corrosion increased with the temperature and the percentage of intermixed 
alloy. 

Lead is attacked by SO2 between 550 and 850° C. in accordance with the 
equation 3Pb+S02 — PbS + 2Pb0. It is also acted upon by HF, but the dis- 
solving power is quickly checked by the formation of PbFo; hence the acid can 
be stored in lead vessels.® Organic acids — acetic, tartaric, and citric acids — 
attack lead in contact with air. 

'^Freiberg, Jahrb., x 8 gs, n; Berg. Hiittenm. . 1896, lv, 33. 

s Eng. Min. J., 1903, lxexvi, 767. 

3 Jager, Zt. anorg. Chem., igoi, xxvii, 22. 



CHAPTER III 


LEAD OF COMMERCE, ITS rMPURITIES AND THEER EFFECTS 

6. Grades of Lead.— The primary lead produced by smelteries is very pure, 
containing over 99 per cent. Pb. Of the three grades on the market (§2), the 
desilverized contains the smallest amount of impurity; next follows the un- 
desilverized; antimonial lead forms a class by itself. 

Impure lead bullion (§176), which is to be freed from precious metals either 
by the Parkes (§231) or the Betts (§290) process, becomes purified to such a 
degree that the market lead retains usually not more than 0.02 per cent, 
impurity. Refined lead resulting from desilverization by the Pattinson 
(§219) process is not sold in the United States although the process is in 
use in one instance as an auxiliary to the Parkes for the removal of Bi. 

Undesilverized lead or soft lead comes from the non-argentiferous ore of the 
Mississippi Valley. It is less pure than the desilverized, but is of high grade, 
as it is smelted from ores containing few impurities. The lower the temperature 
at which the lead is produced, the less will the impurities enter the lead; hence 
lead from the ore-hearth will be purer than that from the reverberatory furnace, 
and that from the blast furnace will be the least pure. All the soft lead is 
liquated and then poled at a temperature a little above the melting point in 
order to remove impurities. Some smelting plants desilverize the soft lead by 
means of the Parkes process (§231) in order to improve the character of the 
metal, as the small amount of silver recovered and the higher price obtained for 
the lead make the procedure profitable. 

Antimonial lead (§262) is a by-product of the Parkes process; it contains 
from 15 to 30 per cent. Sb. Usually there is present a considerable amount 
of Cu. 

Desilverized and soft leads are used mainly in the manufacture of white lead, 
of sheet, pipe, shot, and alloys; some minor uses are the preparation of lead 
wool, powdery lead, ribbon lead, and assay lead. They serve further for the 
production of litharge, red lead, orange mineral, and lead salts. Antimonial 
lead is used for making type metal, bearing metal, and other industrial alloys. 

The amounts of lead absorbed at present by the different industries is not 
known. An older statement by CaswelP is the following: Paint (white lead, 
litharge, etc.) 35 per cent.; lead pipe, 20; sheet lead, 8; shot and bullets, 9; 
solder, 5; tamping, filling knobs, trimmings, etc., 23 per cent. 

Table 4 contains chemical analyses of some of the principal American brands 
of lead. Some well-known European makes have been added for the sake 
of comparison. 

^ Iron Age, 1896, Lvn, 9. 
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Table 4. — Chemicax Analyses of Commerciai. Lead^ 



Joplin, 
Mo. ■ 

Granby, 

Mo. 

St. Josepb, 
Mo. 

South- 

west 

Mo. 

South- 

east 

Mo. 

Hai-z Mountains 

Pri- 

bram 

Selby 

S. &L. 

Co., 

Selby, 

Cal. 


Ore- 

heartb 

Rever- 

bera- 

tory 

furnace 

Blast 

furnace 

Ore- 

beartb 

Ore- 

hearth 

and 

Parkes 

Reduced 
in blast- 
furnace 
from 
litharge 

Pattin- 

son 

Parkes 

Luce- ' 
Rozan 

Parkes 

Ctt 

0.01782 

0.00056 

0.05091 

0.00080 

0 . 06400 
0.00007 



0 .0600 

0.0150 

0.00080 

0.0024 

None 

Ag 

0.0005 

Trace 


0.0028 

0,0022 

0 . 0003s 

0.0018 

0.0010 

bl 

Trace 

Trace 



0.0023 

0.0300 

Cd 

None 






Trace 












0 nnnTT 

<^TTO-> 

0.00080 

0.00130 

'1 

Trace 

0.0020 

Trace 

0.0020 

f 






Sb 

0.00146 
0 . 0007 y 

0.00077 

0.00281 



0.00796 

0.0056 

j None 

Ni 

0 .0050 

0 . 0010 

O.OOII 

0.0001 

Cn 

0.0000s 
0 . 00686 

j 0.01600 

0.0018 

, None 1 



None. 

Fe 

0.01582 

0.00090 

0.00100 

o.oois 

Trace 

O.OOIS 

0.0004 


0 . 0040 

o.ooio 

0.00100 

0.0017 

0 . 0027 

Zn 

0.00033 

0.0040 

0.00092 

0.0010 

0. 0003 

Mn . . 



0 . 0008 

S 










' 











0.0040 

Pb.bydiff. 

99.97204 

99.91677 

99.91683 

99.9752 

99.9953 

99,7912 

99.9662 

99.98480 

99.9841 

90.9579 

Reference. 

Tr.A. 1 . 
M. R.. 
1889-90, 

XVIII, 

687. 

Tr. A. J. 
M. E., 
1876-77. 
V.324. 

Private 

notes. 

H. Garlichs, 
June, 1915. 

Zt. Berg- Hillten 
Sal. Wfis. i. Pr., 
1870, XVIII, 205. 

Private 

notes. 

Oest, Zi. 
Berg. 
HiU- 
tenw., 
1890, 

XXXVIII, 

497. _ _ 

Mineral 

Industry, 

1907. 

XVI, 658. 



A. S. & R, Co.. 
Maurer, N. J. 

A. S. & 
R. Co., 
Omaha, 
Neb. 

Balbach 
S. & R. 
Co., 

Newark, 

N.J. 

International 
Lead Co., 
East Chicago 

Port 

Pirie, 

N. S. W. 

Usine 

Hobo- 

ken-lez- 

Anvers, 

Belgium 

Consol. 
M. & S. 
Co., of 
Canada, 
Trail, 

B. C. 

U. S. 
Metals 
Ref’g. Co., 
East 
Chicago, 
Ind. 

Parkes, 
Brand 
B. S. 

Parkes, 
Brand 
R. L. 

Parkes 

Parkes 

Parkes 

Parkes- 

Pattin- 

son 

Parkes 

Parkes 

Betts 

Betts 


None 

0.00053 

0.0366 

None 
0.00064 
0 . 0643 

0.0010 

0 . 0004 

o.ooro 

o.ooro 

0 . 0003 
0.0790 

0 . 0006 
0.0004 
0.0672 

0 . 0004 

0.0002 

0 . 0400 

None 

0.0009 

None 

Trace 

0.0004 

None 

0.0108 

None 

Trace 

0.002s 

0.0001 

None 

0.0015 

0.0004 

0.0030 

0 . 00 1454 
None 
Nqne 
None 
None 

0.0063 

None 
None 1 
0.008 
0.0035 
None 

o.ooro 

0 . 0007 
O.OOIS 

Ag 

BL 

Cd 


Sn 








Trace 

0 .0003 

0 .0030 
Trace 
Trace 
0.00x5 
Trace 


None 

0 . 0040 
None 

None 

0 . 0084 
None 

trace 

0.0020 

0.0003 

0 . 0046 

0.0010 

0.0062 

0.0005 
0 . 0040 

0.0005 

0.0030 

0.0005 

Sb 

Ni 

Co 





Fe 

0.0008 

O.Q024 

0.0012 

0.0036 

0 . 0008 
0.0010 




0.0008 

0.0030 

Zn 

0.0008 



Mn 



S 








None 

Se, Te 

none' 

99.9920 

Insol 







Trace 

99.9853 



Pb, by diff. 

99.95567 

99.92186 

99,9938 

99.9143 

99.9246 

99.9549 

99 . 9903 

99.9778 

Reference. 

H. H. Alexander, June, 
191S. 

E. Ran- 
dolph, 
June, 

191S- 

G. P. Hulst, 
June, igiS- 

Mineral 

Industry, 

1907, 

XVI, 6s8. 

Ann. 

Min. 

JBelg., 

1901, 

VI, 259 - 

R. H. 
Stewart, 
July. 
1916. 

W. Thum, 
June, 

191S. . 


1 Collection o£ Analyses: Gmelin-Kraut, “Handbucli der Anorganischen Chemie,” Winter, Heidelberg, 
12, rv. pt. 2, 46. 

Mineral Industry, 1904. x«i, 27S; 190S. XiV, 388; 1907, XVI, 658. 

Treatises qtioted on p, 6. 
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7. Impurities and Their Effects.^* — ^In general the analyses given in Table 4 
show that the amount of impurity found in the lead of commerce in our days 
is small, and the number of foreign metals present is large. The harmfulness 
of these foreign constituents depends on the use to which the metal is to be 
put. Thus lead which is to be rolled, hammered, or squirted can stand a larger 
^quantity and variety of iinpurity than that which is to be used in contact with 
acids ; corroding lead which is to be converted into white lead may contain only 
very small amounts of foreign elements if the paint is to have the required shade 
of whiteness and the necessary^overing power. Details are taken up in §8—22. 

8. Copper. — The constitution of the Pb-Cu alloy series has been investigated 
by Roberts-Austen,^ Heycock-Neviile,^ Hiorns,^ Friedrich-Leroux,^ and Giolitti- 
Marantonio.® In Figs. 9 and 10 of Friedrich-Leroux there are formed in area 
fCV (Fig. 10), upon cooling, crystals of Pb and molten metal; in that of Pb, 
65 per cent. Cu (Fig.. 9), crystals of Cu, and molten metal. 



Eutectic Cu, -Pi 


c 

\ 


S25 C. 

V 

'{ 


y ' 


Cu. 0.0 0. 

' 06 ^ 

Pb 100.0 9 

9.945e 


Figs. 9 and 10. — Alloy-series Cu-Pb. 


Waehlert’’ has shown that if the temperature of 953° C. is raised to 1,025°, 
the conjugate solutions between 19 and 24 per cent. Cu disappear and form 
a homogeneous alloy. On the other hand, Bogitch® states that the conjugate 
solutions between 34.5 and 87.0 per cent. Cu disappear at 940° C. 

Below the eutectic line, lying at 327° C., and to the left of fx (Fig. 10), the 
alloy consists of crystals of Pb and eutectic; and to the right, of crystals of Cu 
and eutectic. The eutectic / is composed of Pb 99.94 and Cu 0.06 per cent. 

^ Hampe, Zt. Berg. HiiUen. Sal. Wes. i. Pr.y 1870, xvm, 195. 

® “ B''ourtli Report Alloys Research. Committee,” 1897, 51. 

^Philos. Trans. A., 1897, xlii, 189, 

^ J. Soc. Chem. Jnd., 1906, xxv, 618. 

® Metallurgies 1907, iv, 299. 

® Guertler, “Metallographie,” Vol. i, pt. i, 597. 

Metall. u. Erz.y 1913, x, 578. . 

Compt, rendy^s 1915 , clxi, 416. 
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Thus it is seen that Cu-bearing lead cooled down slowly will always retain 
a little Cu. Earlier investigations of Reich^ had shown that, in liquating, 
Cu-bearing lead retained as a minimum c.o8 per cent, Cu., while the residual 
coppery dross formed a brittle porous mass. The steeply rising branch of 
the curve Pb 65 per cent. Cu (Fig. 9) shows how the solubility of Cu in Pb 
increases with the temperature, and thereby how important it is to keep low the 
temperature in melting coppery lead, if the Cu is to be concentrated in the 
dross collecting on the surface. In order to remove this remaining Cu from Pb 
an addition of Zn (Parkes process, §231) is necessary which will extract the 
Cu to the practical limit. 

The percentage of copper present in commercial lead does not interfere with 
the rolling and other mechanical processes. According to Lunge and Schmid,*^ 
lead with o.i per cent. Cu shows the same behavior as pure lead with cold 
sulphuric acid; so does lead with 0.2 per cent. Cu up to 100° C. At. 200° C. 
lead with from o.i to 0.2 per cent. Cu is almost as much attacked as pure 
lead is, and more than it is by nitrous sulphuric acid. Junge® says that in 
concentrating pans, Parkes lead has been observed to be more readily attacked 


than Pattinson lead, and he attributes this to the fact that there is less copper 
in the Parkes lead, which making the melting point lower, increases the liability 
of being attacked by the acid. If used for corroding or for making flint-glass, 


Per Cent, Ph 

100 90 80 70 60 50 40 30 20 10 0 



the percentage of Cu ought not to exceed 
0.0014 per cent.^ According to Junge the 
lowest permissible amount is 0.003 per cent. 

9. Silver. — The alloy series Pb-Ag has 
been studied by Heycock-Neville,® Friedrich® 
and Petrenko.^ The V-shaped curve of 
Friedrich, given in Fig. ii, shows the exist- 
ence of an eutectic with 2.5 per cent. Ag, 
freezing at 300° . C., and the extension of the 


0 10 20 30 40 50 60 70 so 90 100 
Per Cent. 

Fig. II. — Alloy series, Pb— Ag. 


eutectic line to the ordinates ; this means that 
no solid solutions are formed between Pb in 
Ag, and Ag in Pb. The small amounts of 


Ag present in market lead, + o.i oz. per ton, are therefore due to eutectic 


disseminated through the lead; this fact explains in part the irregular distri- 
bution of Ag in lead bullion (§176). 


What has been said about the effect of Cu in regard to the mechanical treat- 
ment of lead holds good for Ag. Small quantities of Ag protect lead against 
sulphuric acid. Baker® says that 1.70 oz. of Ag per ton gives white lead a 


^Freiberg. Jahrh., i860, 1S6- 
® Loc, cit. 


Loc, cit. 


* Hampe, Zt. Berg. Hutten. Sal. Wes. i. Pr., 1870, xviii 209. 
Phil. Trans., 1897, CLxxxrx, 37, 

® Metallurgies 1906, iii, 398. 

’’ Zt. anorg. Chetn., 1907, t.ttT j 202. 

* Dingl. Polytech. J., 1864, CLxxiir, 119 
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reddish tinge, but this is not the case with 0.15 oz. per ton. Landsberg^ gives 
as minimum 1.03 oz. for corroding lead; Junge, 0.17 oz. 

10. Copper and Silver. — The investigation of Friedrich and Leroux^ has 
shown that the alloy series Pb-Cu-Ag forms a ternary eutectic with Pb 97.5, 
Cu 0.5, Ag 2.0 per cent., which freezes at from 0.5° to 1° C. below the binary 
eutectic of Pb-Ag. 

11. Gold. — While Au is not found in market lead, it occurs in lead bullion. 
Its behavior in certain processes, for example that of Pattinson, is readily ex- 
plained by the constitutional diagram traced by VogeP given in Fig. 12. This 
shows the absence of solid solutions, the presence of two chemical compounds, 
Au2Pb and AuPb2, and that of an eutectic, consisting of AuPb2 and Pb, with 
about 85 per cent. Pb, freezing at 215° C., and undergoing a transformation at 



Fig. 12. — Alloy series, Pb-Au. Fig. 13. — Alloy series, Pb-Bi. 


211° C. The siihilarity of this curve with that of the alloy series Pb~Ag at 
the lead-end indicates that in lead smelting, Au, which forms a series of solid 
solutions with Ag,^ will follow the Ag unless other causes interfere with this 
tendency. 

12. Bismuth. — The equilibrium diagram of the Pb-Bi alloy series by Kapp® 
and Stoffel,® Fig. 13, shows an eutectic with 44 per cent. Pb, freezing at 124°- 
125° C., and solid solutions of about 10 per cent, at either end of the eutectic 
line. Lead is hardened by 0.118-0.352 per cent. Bi,"^ and rendered somewhat 
crystalline. Junge rolled without difficulty lead containing 2 per cent. Bi 
into a sheet 10 ft. long, 6 ft. wide, and 3^4 in. thick; and Burgraf says that lead 

^ Wagner Jahresber., 1875, xxi, 596. 

2 Metalhirgie, rv, 293. 

^ Zt. anorg. Chem., 1905, XLV, 17. 

* Roberts- Austen and Rose, Chem. News, 1903, xxxxvii, 2 
Heycock-Neville, Philos. Trans., A, 1897, cnxxxix, 69. 

6 “Doctorate Dissertation,” Kbnigsberg, 1901. 

® Zt. anorg. Chem., 1907, rm, 150. 

^ Plattner, Berg. Huttenm. Z., 1889, xxvni, 116. 

2 
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with 1.920 per cent. Bi can be rolled into sheets as well as refined lead practi- 
cally free from bismuth. 

According to Napier^ and Bauer, ^ o.i per cent. Bi protects lead some- 
what from, sulphuric acid at 20° C., but not at loo'^ C., while Junge^ exposed 
strips of lead with 0.20 per cent. Bi to sulphuric acid of 60° Be. at the tem- 
perature of the sulphuric acid chamber and found no sensible change. Lunge 
and Schmid^ state that lead containing Bi is suddenly dissolved by con- 
centrated sulphuric acid at a temperature below 260° C., and that an addition 
of 0.02 per cent- 'Cu counteracts this to some extent. According to Hampe, 
from 0.0045 to 0.0075 per cent. Bi has no effect on white lead, but Junge 
says that 0.003 per cent, makes itself felt. Refined lead containing over 
0.05 per cent. Bi^ is no longer classed in this country as corroding lead. 
Endemann states that bismuth favors the corrosion of lead, a small black 
residue remaining, containing metallic bismuth. 

The reason that the Bi-content of corroding lead is limited in this country 
to 0.05 per cent., a commercial compromise, is that Bi gives white lead a grayish 
color, especially where scrap or uncorroded buckles are reset in the stacks. 
It has also been found that it renders the uncorroded lead more or less spongy 
and granular, with the result that there is an accumulation of this material in 
the grooves of the millstones, and their surfaces are likely to become coated. 
As long, however, as the machinery does its work properly there is no danger of 
metallic particles contaminating the paint. 

There are two ways of removing Bi from Pb: one, the Pattinson process 
(§219), while imperfect, is sufficient for practical purposes ; the other, the Betts 
process (§290), is perfect, as Bi is not deposited on the cathode, but remains 
undissolved in the anode mud. 

13. Cadmium. — This occurs only in traces in market lead. The constitu- 
tional diagram by Kapp® and StoffeF shows an eutectic with about 80 per cent. 
Pb, freezing at 249° C., and on the eutectic line a solid solution of lead with about 
4 per cent. Cd. 

14. Tin. — ^The constitution of Pb-Sn alloys has been the subject of a 
number of investigations,® mainly on account of the formations of solid solu- 

^ Chem. News, 1S80, xin, 314; School Min. Quart., 1885-86, vir, 97. 

^ Bar. Aeutsch. chem. Gesellsch., 1875, ccx, 48; School Min. Quart., 1885-86, vix, 117. 

® Op. cU. 

* Op. cit. 

^American Chemist, 1876, vi, 457; Wagner Jakresher., 1877, xxrii, 422. 

^ Zt. anorg. Chem., 1907, zni, 152, 

^ Doctorate Dissertation, Konigsberg, 1901. 

^ Roberts- Austen, Engineering, 1897, ixm, 223. 

Kapp, Doctorate Dissertation, Konigsberg, 1901. 

Sbepherd, J. phys. Chem., 1902, vi, 522. 

Stoffel, Zt. anorg. Chem., 1907, t. ttt , 139. 

Rosenhain-Tucker, Philos. Trans. A., 1908, ccix, 89. 

Guertler, Zt. Electrochem., 1909, xv, 129. 

Degens, Zt, anorg. Chem., 1909, t . xttt , 212, 

Mazzotto, Internat. Zt. MetaUogr., 1911, r, 289; and others. 
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tions and the transformations the alloys undergo. A combination of the data 
of Rosenhain-Tucker, Begens, and Mazzotto is given in Fig. 14. This shows an 
eutectic with 35.97 per cent. Pb freezing at 181° C-; and a solid solution at 
either end of the eutectic line, Pb with 18 per cent. Sn, and Sn with 0-37 per 
cent. Pb. There are further seen two transformations at i6x° and 146° C. 
accompanied by changes in the amounts of Pb and Sn held in solid solution. 

Tin makes lead light-gray and hard. It is uncommon in market lead. 
Lead containing it is more affected by sulphuric acid than pure lead.^ The 
effect in corroding has not been studied. It is removed by heating the lead 
to a bright-red heat with access of air; part of the tin collecting on the surface 
as oxide is first drawn off as a powder, and the rest as a slag consisting of 


Per Cent, Sn 



0 20 40 60 80 100 

Per Cent, Ph 


Sn02 or XPbO.SnOa dissolved in PbO. 
(Softening of Lead Bullion, §241.) In- 
dustrial alloys are discussed in §25. 


Per Cent, Sb 

100 90 80 70 60 50 40 30 20 10 0 



0 10 20 30 40 50 60 70 80 90 100 

Per Cent. Ph 


Fig. 14. — Alloy series, Pb-Sn. 


Fig. 15. — Alloy series, Pb-Sb. 


15. Antimony. — The constitution of Pb-Sb alloys is simple when compared 
with those of Sn. It has been studied by Heycock-Neville,^ Roland-Gosselin.® 
Stead, ^ Charpy,® Campbell,® Gontermann,^ and Loebe.® Fig. 15 by Gonter- 
mann shows an eutectic with 87 per cent. Pb, freezing at 246° C., the eutectic 
line extending to the ordinates. 

Even small quantities of antimony give lead a grayish-white color, and make 
it harder and less malleable than ordinary lead. A bar of lead containing some 
antimony will show, especially in the center, an uneven, moss-like surface. 
Hampe® finds that 0.005 cent. Sb does not harden lead; Heeren^® states 
that 0.25 per cent, makes lead hard, but that it is still malleable. Lead with 

^Napier, Bauer, see §12. , 

2 jT. Soc. Chem. Ind., 1892, lxi, 904. 

® Bull. Soc. d’ Encouragement, 1896, i, 301. 

^ J. Soc. Chem. Ind., 1897, xvi, 200. 

® “Contributions k I’Etude des Alliages,” Chamerat & Renouard, Paris, 1901, pp. 131, 212. 

® J. Franklin Inst., 1902, CLiv, 205. 

^ Z^. anorg. Chem., 1907, LV, 419. 

8 Metallurgie, 1911, viii, 7. 

® Loc. cit. 

Percy-Rammelsberg, “Die Metallurgie des Bleies,” Vieweg, Brunswick, 1872, 40. 
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o.i per cent. Sb is not so easily attacked by cold sulphuric acid as pure lead, 
but more easily by hot acid. Lunge and Schmid*- substantiate this. They 
found that an addition of 0.2 per cent. Sb did no harm with cold sulphuric acid, 
appearing rather to be beneficial; but lead with over 0.2 per cent, Sb was 
more affected than soft lead, and the discrepancy increased with a higher 
temperature to an enormous degree. 

For corroding, lead may not contain over 0.005 cent. Sb (Hampe, 
Landsberg). Junge^ finds that 0.05 per cent. Sb retards the corrosion, but has 
no effect on the color of the white lead, while o.i per cent, has a decidedly 


Per Cent, Pb 


bad influence. 

Antimony is removed from lead when this is brought to a bright-red with 
free access of air; the Sb is oxidized in part to volatile Sb203 which passes off 
with the gases, in part to stable Sb205 which combines with PbO, formed at the 
same time, to form Pb3(Sb04)2, and is held in solution by the molten litharge. 

Industrial alloys are discussed in §24. 

16. Arsenic. — The lead-end of the equilibrium diagram has been studied by 
Friedrich® and Heike.^ The curve of Friedrich, Fig. 16, shows an eutectic with 

2.5— 3.0 per cent. As, freezing at 292° C.; in cool- 
ing, layering takes place before any retardation 
in the cooling curve is noticed. Heike carried 
on his investigations in a closed porcelain tube 
heated in an electric furnace; he found the 
eutectic to contain 3.5 per cent. As and to freeze 
at 280° C.; he noted the absence of solid solu- 
tions and chemical compounds; extrapolation of 
the curve gave the melting point of As as 852° C. 

The amount of As found in commercial lead 
is too small to have any effect upon its mechan- 
ical and chemical properties. In refining lead, 
it is oxidized and slagged as Pb3(As04)3 before 
the Sb, with which it is usually associated. 

Industrial alloys are discussed in §27. 

17. Nickel and Cobalt. — These occur very rarely in market lead. The con- 
stitutional diagram of Pb-Ni by Voss® shows neither chemical compound nor 
eutectic, nor any solubility of Ni in Pb. Portevin,® however, notes an eutectic 
with 0.07 per cent. M, freezing at 323° C. The alloys of Pb-Cu-Ni have been 
studied by Parravano-Mazzetti.^ 

The curve of Pb-Co by Lewkonja® shows the presence of an eutectic with 



Uooi 


Fig. 16. — Alloy series, Pb-As. 


^ Loc. cit. 

^ Loc. ciL 

* Metallurgie, 1906, in, 46. 

* Internat Zt. Metallogr^ i9i4> vi, 49; J. Inst. Met., 1914, xri, 291, 
® Zt. anorg. Chem., 1908, Lvn, 47. 

* Rev. Met., 1907, iv, 813. 

7 Gazz. cMm. ital., 1914, xuv^, 375; Chem. Abstr., 1919, ix, ’ 

* Zt. anorg. Chem , 1908, t.tx , 314. 
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about I per cent. Co, freezing at 326® C., and the extension of the eutectic line 
to the ordinates. Berthier^ produced a malleable alloy of Pb with 0.04-0.05 
per cent. Ni or Co. Mrazek^ says that from i to 2 per cent. Sb favors the 
entrance of Ni and Co into Pb; but they rise to the surface when furnace lead 
is melted slowly, and can be skimmed off easily. 

18. Iron. — The research of Isaac-Tammann^ shows that Pb and Fe have 
no affinity whatever for one another, and are absolutely immiscible. 

Market lead contains not more than 0.07 per cent. Fe,^ and this amount has 
no effect upon the mechanical properties. Corroding lead ought not to contain 
more than 0.003 cent. Fe.® 

19. Zinc. — ^The constitution of these alloys has been studied by Heycock- 
Neville® and Arnemann,^ and the mutual solubility of the two metals by Ross- 
ler-Edelmann® and Spring-Romanoff.® The equilibrium diagram, Fig. 17, 
shows that the two metals form one eutectic with 98.5 per cent. Pb, freezing at 
■317° C. In the neighborhood of 950° C. they form a homogeneous solution. 

Per Cent, P6 

100 80 60 40 20 



The saturation point-curve has been traced only to 900° C., where a separation 
into saturated and unsaturated solutions is noticed. With fall of temperature 
the mutual solubility decreases, to the melting point of Zn, 419° C., which is 
lowered 1° by the Zn taking up 0.5 per cent. Pb. At the temperature of 418° 
there exist conjugate solutions. 

Further cooling of the molten metal does not at first lower the temperature, 
but causes an enrichment in Pb until the liquid contains 96.6 per cent. Pb 
or 3.4 per cent. Zn; then only does the temperature fall to the eutectic point 
of 317° C. 

1 ‘‘Traite des Essais par la Voie Seche,” Thomme, Paris, 1836, n, 691. 

2 Berg. Riittenm. Z., 1864, xxm, 315. 

3 Zt. anorg. Chem., 1907, i.v, 59. 

^ Reich, Berg. HiiUenm. Z., i860, xrx, 28, 224. 

® Landsberg, loCi cit. 

® /. Chem. Soc., 1897, lxxi, 394. 

’ Metallurgie, 1910, vn, 201. 

8 Berg Hiittenm. Z., 1890, xrix, 245; Eng. Min. 1890, l, 573- 

® Zt. anorg. Chem., 1897, xin, 29. 
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In Table 5 by Rossler-Edelmann are given the amounts of zinc that lead 
will retain at different temperatures. 

Table 5. — Solubility oe Zinc in Lead 

(Rossler-Edelmann) 


Temperature, deg. C. 

400 

500 

600 

700 

Zinc retained by lead, per cent 

00 

1 

6 

0.9-1. 3 

i.S-2.3 

3-0 


Table 6 by Spring and Romanoff shows the mutual solubility of lead and 
zinc at different temperatures. 


Table 6. — Mutual Solubility oe Lead and Zinc 
( Spring-Romanoff ) 


Temperature, 

Lower stratum 

Upper stratum 

deg. C. 

Per cent. Pb 

Per cent. Zn 

Per cent. Pb 

Per cent. Zn 

334 


1.2 



419 



1 . 5 

J.s 

4SO 

92 .0 

8.0 



47S 

91 .0 

9.0 

2 .0 

98.0 

5x4 

89.0 

II .0 


97.0 

584 

86.0 

14.0 


95-0 

650 

83.0 

17.0 

7.0 

93-0 

740 

79.0 

21 .0 

10. 0 

90.0 

800 

75-0 

25.0 

14.0 

86.0 

900 

S9-0 

41.0 

25 -S 

74.5 


The data of Table 6 agree in a general way with those of the freezing-point 
curve, but are very much higher than those of Table 5 ; the latter have always 
served as guides to the refiner. 

Zinc gives lead a silvery color and makes it so hard that it cannot be rolled; 
cold and hot sulphuric acid attack it readily. Corroding lead should not contain 
over 0.003 per cent. (Landsberg). Zinc is removed from lead by heating it to 
a bright-red, and oxidizing it by admitting air, introducing steam, etc. (See 
Refining Desilverized Lead, §250.) 

20. Manganese. — The freezing-point curve of Williams^ shows that Pb has 
no affinity whatever for Mn, and that Mn above its melting point of 1,228° C. 
does hold some lead in solution. As regards market lead, Mn is present only 
in very small amounts, and has no practical importance. 

21. Aluminum. — The curve of Gwyer^ shows that Pb and A 1 have no re- 
lations to one another, that A 1 is insoluble in Pb, and that liquid A 1 may dis- 
solve some Pb®. Antimony is said to favor the union of the two metals.'* 

^ ZL anorg. Chem., 1907, LV, 32. 

® Zt. anorg. Ckem., 1908, Lvn, 149. 

® See also P^clieux, Compt. rend.y 1904, cxxxvni, 1042; Berg. Huttenm. Z., 1904, Lxili, 348^; 
Compt. rend.., 1906, cxxm, 397. 

^ Richards, J. W., “Aluminium,” McGraw-Hill Book Co., Inc., New York, 1896, 103*' 
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In the E-ossler-Edelmann process (§231) using aluminized zinc for desil- 
verizing lead bullion, the A 1 is completely removed in skimming the crusts, as 
no A 1 appears in the refined lead. 

22. Minor Metals. — The freezing-point curves of lead and the following 
metals and metalloids are, for the present at least, of little metallurgical im- 
portance; Pb-Ca,i Pb-Cr ,2 Pb-Hg,^ Pb-In,^ Pb-Ir,^ Pb-K,® Pb-Mg,^ Pb- 
Na,8 Pb-Os ,9 pb_p^io pb-Pd,n Pb-Pt,i2 Pb-Rh and Pb-Ru,i^ Pb-Se,'' Pb-Si,'' 
Pb-Te,i6 Pb~TLi7 

^Harkspill, Compt. rend.y 1906, cxxm, 227. 

Donski, Zt. anorg. Ckem., 1908, lvii, 210. 

Boar, op. ciL, 1911, lxx, 1911. 

^ Hindrichsj op. cU., 1908, ldc, 429. 

3 Fay-North, Am. Chem. 1901, xxv, 216. 

Puschin, Zt. morg. Chem., 1903, xxm, 213. 

Janecke, Zt. phys. Chem., 1907, lx, 399. 

Thomson-Keffer, Met. Chem. Eng., 1915, xiii, 367. 

^ Kurnakow-Puschin, Zt. anorg. Chem., 1907, lii, 444. 

® Deville-Debray, Ann. Min., 1859, xvi, 52. 

® Smith, Zt. anorg. Chem., 1908, Lvr, 137. 

^ Grube, op. cit., 1905, XLiv, 124. 

Kurnakow-Stepanow, op. cit., 1905, xlvi, 184. 

® Mathewson, op. cit., 1906, L, 175. 

Roos, op. cit., 1916, xciy, 329. 

® Deville-Debray, Ann, Min., 1859, xvi, 9. 

Berthier, “Traits des Essais,” 1836, n, 68l 
Ruer, Zt. anorg. Chem., 1907, in, 347. 

Doerinkel, op. cit., 1907, Liv, 361. 

Deville-Debray, Ann, Min., 1859, xvi, 23. 

Pelabon, Compt. rend., 1907, CXLW, 1159. 

Friedrich-Leroux, Metallurgie, 1908, v, 355. 

Tamaru, Zt. anorg. Chem., 1909, lxi, 43. J 
Fay-Gillson, Tr. A. I, M. E., 1901, xxxi, 527. 

Kimura, Mem. Coll. Sci. Imp. Univ. Kyoto, 1915, i, 149; J. Soc. Chem. hid., 1915, 
xxxrv, 1211; Chem. Ahstr., 1916, x, 743. 

Kurnakow, Zt. anorg. Chem., 1907, lh, 430; 1909, Lxrv, 149; 1913, Lxxxin, 200; 1914 
LXXXVTII, 109. 

Lewkonja, op. cit., 1907, lii, 454. 

Rolla, Gasz. chim. ital., 1915, XLvb 185; J. Inst. Met., 1915, xiv, 239. 
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CHAPTER IV 

INDUSTRIAL ALLOYS ^ 

23. General. — The aDoys in which lead forms the leading constituent are not 
numerous. They are, however, of considerable importance and at the same time 
comparatively cheap. 

The addition of another metal to lead decreases its softness and malleability. 
Thus, an addition of Sb or As increases the hardness and impairs the mallea- 


Table 7. — Hardening Eepects of Some Metals upon Lead 
(Ludwick) 


Added metal 

Per cent. 

Quenched 

Annealed 

Brin ell number 

Brineil, number 

For 2 to 3 hr, 
at deg. C. 


M 

7.6- 8.2 

6.8- 7.1 


Sb 

I 

9.8- 9.9 

9.5- 9.7 


2 

10. 7-10. 9 

15.1-16.5 

230 


4 

13.6-13.9 

14.0-14.3 



8 

16.8-17.3 

15.8-16.1 



y 2 

6.0- 6.4 

6.0- 6.4 


Sn 

I 

6.8- 6.9 

6.6- 7.2 

270 

2 

8.0- 8.1 

7.4- 7.9 



8 

10.6-10.9 

11.3-11.4 

230 


M 

9.1- 9.2 

8.9- 9.4 


Cd 

I 

9.5-10.2 

9. 7-10. I 

270 

2 

11,6-12.2 

12.6-12.7 



8 

16. 7-19; 8 

14. 2-14. 5 

220 

Mg 

1 

2 

13.5-15.5 

17.9-19.6 

22.3-22.6 

13.8- 13.9 
16.3-16.4 

19 . 8- 20 . 9 

220 


1 Charpy, G., “Les Alliages Blancs dits Antifriction” in “Contributions I’Etude des 
Alliages,” Chalmerot-Renouard, Paris, 1901. 

Guillet, L., “Les Alliages M^talliques,” Dunod-Pinat, Paris, 1906. 

Brannt, W. T., “The Metallic Alloys,” Baird, Philadelphia, 1908. 

Krupp, A., “Die Legirungen,” Hartleben, Vienna, 1909. 

Sraton, A. H., “AUoys, Non-ferrous,” Scientific Publishing Co., Manchester, 1909. 
Kaiser, E. W., “Zusammenstellung der Gebrauchlichen Legirungen,” Knapp, I 
1911-12; reprint from Meiallurgie, 1911, vm, 257, 296. 

Hiorns, A. H., “Mixed Metals and Metallic Alloys,” Macmillan, New York, 1912. 
Ledebur, A.-Bauer, O., “Die Legirungen,” Kjrayn, Berlin, 1913. 

Heyn, E.-Bauer, 0., “Untersuchungen fiber LagermetaUe, Antimon-Blei-Zinn Legirungc„,» 
Bemefi Verk. Verein. Beford. GewerbeJleiss.j February, 1914, * 
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bility; one of Sn also increases the hardness, biit does not interfere much with 
the malleability; Cu has a similar effect although not to the same extent, but 
the tendency of Cu to eliquate permits the use* of only a small amount; alloys 
of Pb-Bi'and of Pb-Cd have been prepared, but are little used- 

The hardening effects of Bi, Sn, Sb, Cd, Ag, and Mg upon Pb have been 
studied by Ludwick^ by means of the Brinell method; some of his results are 
given in Table 7. 

Mg has the greatest hardening effect on account of the chemical compound 
PbMg2; the hardening powers of Sb, Cd, and Ag are similar; the alloy with 2 
per cent. Sb upon annealing has its hardness increased to that of one with 8 
per cent. Sb. 

The diffusion of the alloys Pb-Sn, Pb-Bi, Pb-Sb, and Pb-Sn-Sb is shown by 
Le Gris^ in an excellent series of illustrations. 

Table 8 gives the compositions of some of the leading industrial lead alloys. 


Table 8. — Composition of Some Industrial Lead Alloys 


Name 


Pb Sb Sn 


Reference 


Type Metal 

Type metal 

Type metal 

Type metal (a) 

Type metal 

Type metal 

Linotype 

Bullets 

Engraving plate 

Pewter, usual 

Pewter, French 

Bearing Metal: 

Atlantic Coast T.ine 

Pennsylvania R.R 

Baltimore & Ohio R.R., thin linings. . . . 
Baltimore & Ohio R.R., thick linings. . 

Chicago & Eastern R.R 

Chesapeake & Ohio R.R 

Magnolia metal 

Solder No. i 

Solder No. 2 

Solder No. 3 

White Metal or Anti-friction BE.<is.R- 
INGS: 

Heavy load 

Jacoby metal 

French R.R 

Magnolia metal. 

French R.R 

Ship axle 

French R.R 

Jacoby metal 

Shot. 


91 

75 

70 

60 

55 

82 

94 

60 

20 

18 


9 

25 

18 

20 

30 

13 

6 

40 

80 

82 


85 
87 

94-96 

86 

84-85 
91 .5 
80 
34 
SO 
66 


13 

3-5 

10-12 

12-14 

7 

IS 


87 

8S 

So 

78 

76 

72 

70 

62 


7 

10 

8 
16 
10 

7 

10 

10 


|99.8Pb+o.2As 


15 


5 


5 

66 

50 

34 


6 

14 


20 

27 


Brannt, “Metallic Alloys,” 368. 
Brannt, “ Metallic Alloys," 368. 
Brannt, “Metallic Alloys,” 368. 
Brannt, “Metallic Alloys,” 368. 
Brannt, “ Metallic Alloys,” 368. 
Wagner, Brass TVorld, 1914, x, 83. 
Guillet, “Alliages M6talliques,” 843. 
Guillet, “Alliages Metalliques,” 84s. 
Guillet, “Alliages Metalliques," 845. 
Guillet, “Alliages Metalliques," 84s. 

Clamer, Brass World, 1906, ii, 132. 
Clamer, Brass World, 1906, ii, 132. 
Clamer, Brass World, 1906, ii, 132. 
Clamer, Brass World, 1906. ii, 132. 
Clamer, Bra^s World, 1906, il, 132. 
Clamer, Brass World. 1906, ii, 132. 
Stanley, “ Metallurgie,” 1906, ill, 607. 
American markets. 

American markets. 

American markets. 


Heyn-Bauer, " Beiheft Yerh. Verein. 
BefSrd. Gewerbjl.,” 1914, 225. 


(a) And Cu, 2 per cent. 

’ Zt. anorg. Chem., 1916, xciv, 161. 
2 Rev. Mft., 1911, vm, 613. 
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24. Lead -antimony. — The freezing-point ■ curve. Fig. 15? shows an eu- 
tectic with 87 per cent. Pb freezing at 246° C. ; hence, alloys with over 13 per 
cent. Sb, consisting of Sb and eutectic, must be more brittle than those with 
less than 13 per cent., as these are made up of Pb and eutectic. Figs. 18-20 rep- 
resent photomicrographs by Charpy, 2ood., of Pb— Sb alloys with 20, 40, and 
70 per cent. Sb; in all of them the light parts represent crystals of Sb 
imbedded in the dark eutectic. 

The industrial Pb-Sb alloys contain less than 24 per cent. Sb. If a higher 
percentage is to be used, a third metal, usually Sn, has to be added; in many 
cases Sn replaces part of the Sb. 

Tensile, bending, and compression tests of Pb-Sb alloys have been made 
by Goodman^ three alloys with 10-15 per cent. Sb, and upon one with 



Figs, 18 to 20. — ^Lead-antimony alloys, X 200. 


15 per cent. Sb and 5 per cent. Sn. The tension tests show an elastic limit 
of about 2,000 lb., and a strength of about 6,000 lb. per square inch; for com- 
pression the figures are 2,000 lb. and 14,000 lb. per square inch. Compression 
tests have been made by Charpy,® 

The expansion curve of Ewen-Turner, Fig.- 21, shows that with additions of 
Sb to Pb, the expansion increases to a maximum at about 13 per cent. Sb, 
the eutectic composition, then fails to minimum at about 35 per cent. Sb, 
rises to a second maximum at about 50 per cent. Sb, falls again to about 60 
per cent. .Sb, and slowly rises to that of pure Sb. The irregularities cannot 
be explained by the freezing-point curve. 

The hardness curve of the same authors, Fig, 22, given in Shore numbers, 
shows a uniform rise in hardness to the eutectic point followed by a quicker rise 
to the maximum with about 75 per cent. Sb, and then a rapid fall to pure Sb. 

The tendency to liquation makes the sampling of Pb-Sb alloys always diffi-. 
cul t. ® An industrial method of approximating the Sb-conten t of an alloy, devised 
by Richards, 4 consists in casting the alloy to be tested into the form of a 

^ Engineering, 1906, xxxn, 376, 

^ Loc. cit., 214. 

* Nissensen-Siedler, Berg. SilUenm. Z., 1903, lxh, 421. 

^J. Franklin Inst., 1899, cxlvii, 398; Iron Age, 1899, Lxn, May 11, 12 
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standard size plug m a special mold. This plug is then weighed on a special 
balance, the graduations on the arm reading, directly in terms of Sb-content 
of the alloy, since the weight of the plug decreases as the Sb-content increases. 
Friedrich^ uses another method, by means of which the freezing point of the 
hard lead to be examined is measured with silica-glass thermometer, and 
the corresponding compositions read from the melting point curve. The 
method is technically accurate for alloys with up to 8 per cent. Sb; alloys 


Per Cent. Sb 

0 10 aO 30 40 50 60 70 SO 100 c 



Per Cent. Pi 


Per Cent, P6 

100 90 80 70 60 50 40 30 20 10 0 



10 20 3U 40 50 60 70 80 90 100 

Percent. Sb 

Figs. 21 and 22.^ — Expansion and hardness curves of Pb-Sb alloys. 

containing over 8 per cent. Sb are diluted with a known amount of Pb to 
fall within the permissible range. An assay takes about i min. 

Corrosion has been studied in connection with type metal. Meyer- 
Schuster^ found that corrosion was less affected by chemical composition 
than by the manner of casting, of cleaning, and of storing. On the other 
hand, Zinsberg® concluded from his tests that the lower the Pb-content, the 
greater the resistance to corrosion. 


^ Metallurgie, 1912, rx, 446. 
® Das Metall, 1914, i, 352. 

3 Loc. cit. 
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Tke leading use of these alloys is for type metal, bearing metal, ^ bullets, 
and engraving and battery plates. 

Type metal usually contains some Sn, as this makes the alloy harder and 
more rigid without increasing the brittleness; this is of special importance in 
die-casting.^ The Pb-Sb alloy is used mainly for quads; however, the following 
compositions are given by Hiorns® as examples of regular type metal: Pb 90, 
85, 80, 75 with Sb 10, 15, 20, 25. 

A good t3pe metal contains Pb 50-55, Sb 25-30, Sn 25-15 parts. As 
these compositions are rather high-priced, a mixture of Pb 60, Sb 30, Sn 30 
parts is chosen for ordinary t3q)e. 

Bearing metal demands two constituents, one that is hard to support the 
load, and one that is soft to act as plastic support for the hard grains and to 
adapt itself to the form of the revolving surface. Thus, the Pennsylvania 
R.R. uses the eutectic with its 87 per cent. Pb and 13 per cent. Sb. In many 
cases Sn is added for the same reasons as in type metal. Details of ternary 
bearing metals are given in §26. 

Bullets contain about 6 per cent. Sb. 

Engraving plates are usually composed of Pb 60 and Sb 40 per cent.; often, 
however, the Pb-contentis higher, 80-82 per cent.; the best plates contain 
some Sn as, e.g., Pb 80, Sb 15, Sn 5 per cent. 

Battery plates contain Pb 94, Sb 6 per cent. In order to obtain porous 
plates for storage batteries, Hannover^ heats a plate with 96 per cent. Pb to the 
melting point of the eutectic and separates this by means of a centrifugal 
machine. 

In the preparation of these alloys, the hard lead of the lead refinery forms the 
base to which, when melted, are added the other components. In starting with 
the metals, part of the Pb is melted; then Sb is added; this is followed by the 
rest of the Pb; and lastly is added the Sn. Another method of operating is to 
melt the Pb, add the Sn, heat the alloy to 500^-600° C., and pour into it the Sb 
melted in a separate crucible. If Cu is to be added, it is alloyed with the Sb. 

25- Lead-Tin. — The freezing-point curve has been given in Fig. 14. The 
microstructure is similar to that of Pb-Sb alloys except that the Sn-grains 
are more rounded than those of Sb. 

The two metals are easily united in all proportions and form a series of 
valuable alloys. Some of their mechanical properties have been studied by 
Sperry.® The results of his mechanical tests are given in Fig. 23. A summary 
of his observations and results is as follows: 

Tin and lead combine in aU proportions. The color of the alloys ranges from that 
of pure tin to that of pure lead. In an experiment made on the rolling qualities, it 

^ Clamer, J. Franklin Inst., 1903, clvi, 49; Eng. Min. J., 1903, lxxvi, 393; Brass World, 
1914, X, 85. 

, 2 Lake, Iron Age, 1911, ixxxvirr, 532. 

^ Op. cit., p. 348. ■ 

* Mev. MSL, 1912, IX, 641; Brass World, 1913, rx, 323. 

^ J. Soc. Chem. Ind., 1899, xvni, XX3. 
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was found that all the alloys can be rolled in the same manner as that employed for 
rolling tin. The plastic alloys are not so fluid as the non-plastic compositions unless 
superheated. The yellow color can be produced on the alloys up to and including 
Sn, 44 per cent.; after this point the lead characteristics begin to predominate. In 
order to obtain the best results, the metal must be poured at the proper temperature. 
It was noticed that metal which had been poured “hot,” and. consequently devoid 
of the yellow film, became colored on standing exposed to the air for some time. 
The “tin cry” can be produced from the alloys (starting from pure tin) up to and in- 
cluding Sn 50 per cent.; it is nearly absent, however, in the last few combinations. 
The strongest alloy in tension is Sn 72.5 per cent., and Pb 27.5 per cent. The strong- 
est alloy in compression is Sn 71 per cent., and Pb 29 per cent. The most ductile 
alloy is Sn 40 per cent., and Pb 60 per cent. The alloy with the most reduction of 



area is Sn 5 per cent., and Pb 95 per cent. The best alloy for ordinary use is Sn 
50 per cent., and Pb 50 per cent., as the surface of the bar is perfectly smooth, and 
free from the matted surface found on some of the other. alloys. The alloys from Sn 
IS per cent, to Sn 30 per cent, inclusive, are not homogeneous; the outside of the test- 
bar fracture showed a fibrous nature, while the core consisted of granular material. 
The alloys begin to assume a plastic nature at Sn 34 per cent., and end at Sn 15 per 
cent. The other alloys do not pass through a true plastic state, but pass almost 
immediately from the solid to the liquid condition. If an attempt is made to use 
such alloys in place of the plastic compositions, it will be found that the whole mass 
will be filled with hard lumps which prevent the successful attainment of the end. 
The alloys between the limits just mentioned are the so-called “wiping solders,” and 
in commerce are known as 3 and i, and 2 and i. Munger^ states that the alloy with 
78 per cent. Sn remains plastic for the shortest period of time. The alloys showing 
the most crystalline nature are those containing from 10 to 20 per cent, of Pb inclusive. 
The shrinkage more nearly approaches that of tin, and is considerably less than that of 
lead. The average shrinkage of solder mav be said to be 0.06 in. to the foot. 


Ind.j 1912, x, 290. 
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The viscosity of the alloys has been determined by Pliiss.^ The hardness 
varies with the content of Sn. Thus Sapozhinow^ finds that the addition of 
Sn to Pb increases the hardness up to So per cent. Sn, and the addition of Pb 
to Sn increases it up to 30 per cent. Pb; the greatest hardness is reached with 
34 per cent. Pb. Stenquist^ places the greatest hardness between 45 and 50 
per cent. Pb. ' . 

The solubility of Pb“Sn alloys in acetic, acid has been tested by Sackur,"^ 
who finds, as was to be expected, that the corrosion increases with the Pb-con- 
tent, both metals going into solution. From the alloy with 10 per cent. Pb 
there was dissolved in i liter of 34 o normal acid 7.2 mg. Pb and 0.8 mg. Sn; 
of Ko normal, 1.9 mg. Pb and 15.5 mg. Sn; of K normal, 4.8 mg. Pb and 
81.8 mg. Sn. Electrolytic treatment of plates r mm. in thickness with NaOH 
as electrolyte proved successful in that the Sn was dissolved from the lead, leaving 
behind a spongy residue. 

The method of Richards (page 26) of approximating the Sb-contcnt of 
Pb— Sb alloys is used also for Pb-Sn alloys. The main uses of Pb~Sn alloys are 
those of pewter, solder, organ pipes, stage-jewelry, toys, etc. 

Pewter does not contain over 20 per cent. Pb; the law of France has placed 
the limit of Pb-content at 18 per cent. 

Solder® is usually made in three grades,® and contains Pb 34 and Sn 66 
per cent, (low melting-point); Pb 50 and Sn 50 per cent, (common, solidifies 
suddenly upon cooling) ; Pb 66 and Sn 34 per cent, (bent for wiping a joint, as it 
passes through a pasty stage in solidifying) . On account of the ordinary custom 
of using scrap in the preparation of solder, the presence of from 2 to 5 per cent. 
Sb is not unusual. Bi is sometimes added to lower the melting-point. The 
presence of the smallest amount of Zn or A 1 spoils the solder. An addition of 
o.oox per cent. P in the form of phosphor-tin is beneficial; a larger amount 
is harmful. In Germany (Law of June 25, 1887), solder used for culinary 
vessels may not contain over 10 per cent. Pb. 

Organ-pipes contain 30 per cent. Pb; casket ornaments and stage-jewelry 
30-40 per cent. Pb; toys 40-50 per cent. Pb. 

In the preparation of the alloys, the Sn is first melted, then the Pb added, 
and the whole thoroughly- stirred. 

26. Lead-Antimony-Tm. — It has been shown on page 28 that Pb~Sb 
bearings are much benefited by the addition of small amounts of Sn. These 
■ternary alloys usually go by the name of White Metal or Antifriction Metal. 
They are also used in die-casting.^ The constitutional diagrams of Pb-Sn and 
Pb-Sb have been shown in Figs. 14 and 15. The freezing-point curve of the 

^ Zt. anorg. Chem., 1913, xcm, i, 

2 J. Russian Phys. Chem. Soc., 1908, XL, 92, through J. Instit. Met., 1908, Vi, 60. 

^Zt. phys, Chem., 1910, lxx, 530; J. Soc. Chem. IM., 1910, xxix, 281. 

*Berg. Huttenm. Z., 1904, Lxm, 319; ZL ELectrochem., 1904, X, 572; Mectrochem. Ind., 1904 

815 * 

BLippmaim, “History of the Art,’" Chem. Z., 1911, xxxv, 437. 

® Editor, Brass World, 1907, m, 661; ipri, vctj ;i93- 

?Lake, Mechanical. World, 1914, l-vi, fell.; ifei., 1914, xH, 304. 
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Sb-Sn series of alloys, investigated by Reinders/ Gallagher, ^ Williams^ and 
Loebe^ is given in Fig. 24. It shows three series of solid solutions accentuated 
by transformations occurring at 420,° 241° and 231° C. with the lines of division 
lying at 90, 53 and 8 per cent. Sb. 

The constitution of the ternary- 
alloy series has been studied by 
Charpy,® Loebe® and Heyn-Bauer^ and 
certain phases by Campbell-Elder.® 

Figs. 25, 26, and 27 are photomicro- 
graphs by Charpy. Fig. 25, represent- 
ing an alloy with Pb 76, Sn i i, Sb 10 per 
cent., shows hard white grains of Pb-Sn 
imbedded in an eutectic; in Fig. 26, 
standing for the alloy Pb 80, Sn 12, Sb 8 
per cent., the hard grains have disappeared; in Fig. 27, representing Pb 70, Sn 
10, Sb 20, the white island represents hard grains of Sb. 

An adequate discussion of the constitution and properties of this series 
of alloys is out of place here; only the leading points can be indicated. Since 
Pb and Sn as well as Pb and Sb form eutectic mixtures, since Sn and Sb form 
‘ solid solutions, and since Pb forms neither a chemical compound nor a solid 
solution with either of the other two metals (excepting to a small extent 
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Fig. 24. — Alloy series, Sb-Sn. 



Figs. 25 to 27. — ^Ternary alloys Pb-Sn-SB. X200. 

with Sn), the crystals separating upon cooling are the same as those of the 
binary alloys of Sn and of Sb. Loebe holds that there is no ternary eutectic 
point, while Heyn-Bauer maintain that there are two ternaries. Following 
Loebe, the eutectic structure is composed of Pb (with perhaps a small amount of 

^ ZL anorg. Chem., 1900, xxv, 113. 

2 J. phys. Chem.^ 1906, x, 93. 

® ZL anorg. Chem.^ i 907 » lv, 14. 

* Metallurgies 191 x, viir, 7. 

® /oc. p. 229 . 

■ ^ Metallurgies xglLsTnl, T. 

’’’ Beiheft Verb- BefMrd* Gewerbejl., Feb. 9, 1914; StaM u. Eisen, 1915, xxxv, 445. 

^School Min. QuarLy xpii, xxn, 244; Metallurgies 1912, rs, 4*2, 
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Sn in solution,) and a solid solution of Sn in Sb or of Sb in Sn, The most fusible 
alloy is the Pb-Sn eutectic. Owing to the great differences in specific gravity 
of the Pb crystals and the solid solutions of Sn— Sb, the alloys show a con- 
siderable tendency to segregation. The industrial alloys are composed of Pb 
and sohd solutions of Sn-Sb. 

The triaxial diagram of Heyn-Bauer, Fig, 28, gives the isotherms of the 
different alloys, and a line E^bdH in which the alloy b (with Pb 80, Sn 10, Sb 
10 per cent.) and the alloy d (with Pb 42.5, Sn 53.5, Sb 4 per cent.) represent 
the ternaries in which the beginning and the end of a fusion, or the solidi- 



Fig. 28. — Triaxial diagram of Pb-Sn-Sb alloys with isotherms. 

fication temperatures, coincide. The line bd represents a series of alloys in 
which melting- and freezing-points approximately coincide. Alloys in which • 
these phenomena are far apart show segregation in slow cooling. This dif- 
ficulty is in part overcome by additions of from 2 to 3 per cent. Cu, as Cu 
raises the temperature of first retardation occurring in cooling, while it leaves 
unchanged the last. 

The greatest hardness is reached, according to Heyn-Bauer, with an alloy 
of the composition Pb 10, Sn 30, Sb 60 per cent. The hardness of Pb-Sb is 
increased by Sn, that of Sn-Sb by Pb, that of Pb-Sn by Sb. In general, 
brittleness increases with hardness, except for a series of Sn-rich alloys with less 
than 25 per cent. Sb, which show toughness greater than that expected from ; 
the hardness. Resistance to compression^ increases with hardness. An* 
addition of Cu increases the hardness as well as the brittleness and especiall| 
so with quick cooling. 

^ See also Cbarpy, loc. cit., p. 230. 
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27. Lead -Arsenic. — The freezing-point curve has been given in Fig. 16. 
The only industrial alloy is shot^ which contains less than 0:5 per cent. As. 
Fine sizes contain 0.2 per cent. As, mediurn 0.3, and coarse 0.35 per cent. The 
alloys are hard and brittle. Shot is manufactured by pouring the alloy into 
a perforated iron basin on the top of a tower of considerable height, whence it 
drops into a vessel filled with cool water which contains a small amount of 
NagS and is covered with grease. The use of centrifugal apparatus and of 
compressed air for the manufacture of shot are mentioned. The shot from 
the tower is not uniform, and has to be sorted. This is accomplished by 
means of a moving round-table over which the spherical globules, fed at 
the center, will travel quickly, while the misshaped will travel slowly and fall 
into a separate pocket. In some plants sizing screens, and in others, inclined 
flat tables have replaced round tables. 

28. Other Lead Alloys. — A number of binary and ternary alloys of minor 
importance than those given above have been put on the market. 

Binary Alloys. — Some of these are: 

1. Pb—Bi. — The alloys are malleable as long as the Pb-content exceeds that 
of Bi; they are dark gray, and are stronger than Pb. The alloy iBi : 2Pb can 
be rolled into sheets. The alloys on the whole are of little importance. 

2. Pb-Cd. — A series of alloys with from 2^75 to 18.0 per cent. Cd has been 
patented by Touceda,^ which is to serve as bearing metal. 

3. Pb-Mg . — These alloys^ form the chemical compound PbMg2, freezing at 
521° C., and two eutectics, one with about 68 per cent. Pb, freezing at 460°, the 
other with about 96 per cent. Pb, freezing at 250° C. An alloy with 1.25 per 
cent. Mg is said by Moflet^ to be valuable for antifriction purposes. 

4. Pb-Ni. — The constitution has been noted in §17. An alloy with Pb 
96.5-99.5 per cent, and Ni 3. 5-0.5 per cent, has been patented by Allen,® which 
he claims to be stronger and less corrodible than other alloys of similar nature. 

Ternary Alloys. — A few of these may be mentioned which have been re- 
cently studied: Pb-Ni-Cu;® Pb-Sb-Cu;^ Pb-Sn-Cu;® Pb-Sn-Zn;® Pb-Sn-Bij^o 
Pb-Ag-Sn;“ Pb-Cd~Bi and fusible alloys:!^ Pb-Cd-Bi-Sn.^® 

Wettstein, Met. Ind., 1910, vra, 3. 

Scott, op. cit., 1914, xn, 245. 

2 U. S. Patent No, 897431, Sept, i, 1908. 

® Grube, Zt. anorg. Chem., 1905, xrrv, 124. 

• Kurnakow-Stepanow, op. cit., 1905, xlvi, 184. 

* Metallurgies 1906, m, 226. 

® XJ. S. Patent No. 834099, Oct. 23, 1906. 

® Parra vano-Mazzetti, Gazetta chim. ital-s i9i4j xxiv^, 375; J. Instit. Met., 1915, xiv, 234. 

Cbarpy, loc. cii., p. 232. 

® Carnevali, Chem. Z., 1911, xxxv, 509. 

Cbarpy, loc. cit._ p. 236. 

® Levi-Melvano-Ceccarelli, J. Instit. Met., 1912, vn, 278. 

Cbarpy, loc. cit., p. 218. 

Sbeperd, “Thesis,^’ Itbaca, N. Y., 1903. 

Parravano, Interned. Zt. Metallopraphie, 1912, n, 15. 

Parravano, op. cit., 1911, 1, 89, 1913, m, 15. 

12 Barlow, Zt. anorg, Ckcnt., 

Stoffel, op. cit., 1907, iini, 137. 

Parravano-Sirvichj J. Instit, 1913, vm, 333- 

' : ' 
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LEAD COMPOUNDS 

29. Lead Oxide and Carbonate . — Lead oxide, PbO (92.83 per cent. Pb, 
2O7Pb+i60-223Pb0+5o8oo cal., has been found in a vein^ worked for 
orpiraent; it goes by the name of massicot, and has only mineralogical in- 
terest. It is obtained on a large scale as massicot and litharge^ which have 
different physical properties. Massicot, an amorphous yellow powder, is 
formed by heating lead on a flat hearth to a low red heat, removing the film 
of suboxide as fast as it forms, and oxidizing it to yellow oxide. If the 
temperature be raised to the melting-point — that is, to a bright-red 
heat — and the fused oxide cooled, it solidifies as crystalline litharge. 
Litharge is obtained on a large scale by cupelling argentiferous lead. It 
is soft and greasy to the touch and generally crystallizes in orthorhombic 
octahedrons. Ternier and Le Chatelier^ have found tetragonal forms. Lar- 
son^ distinguishes red tetragonal massicot and yellow orthorhombic litharge. 
While molten it is transparent and orange-colored ; when cold it is opaque, 
and its color varies from yellow to red according to the rate at which it 
has cooled; quick cooling promotes the yellow, slow cooling the red color. 
Yellow litharge is produced on a large scale by allowing it to run from 
the furnace over an iron plate and chilling it with water, if necessary; it 
is thus obtained in small lumps. The red, flaky variety is formed by allow- 
ing the running litharge to collect in front of the furnace in cakes of from 
I to 1.5 tons in weight, and to cool slowly. The inner part of a cake will 
swell up and form flakes of red litharge; the outer and lower parts, having cooled 
quickly, will remain solid and have a yellow color. This swelling is caused 
by the giving off of oxygen, which molten litharge absorbs. In solidifying 
quickly in small lumps the oxygen only makes the surface uneven; in cooling 
slowly in large lumps the outer solid crust obstructs the passage of the oxygen. 
This prevents the inner part from solidifying firmly, and causes instead the 
formation of loose flakes. The flakes and lumps are separated by sifting. Both 
varieties, when ground, have a reddish -yellow color. 

Preparation in this way has no metallurgical interest. 

The melting-point is 883° C.'^ or 882°.^ It is volatile in a current of air 

^ Mineral. Mag., 1914, xvin, 143. 

^ Berg. HUttenm. Z., 1895, liv, 452. 

^ Am. Mineral., 1917, 11, 18. 

^ Mostowitsch, Metallurgie, 1907, rv, 647. 

® Schenck-Rassbach, Ber. deulsch, ckem. Gesell., 1908, xli, 2917. 
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at 800° C.^ and very decidedly so at 952°.^ The dissociation temperature for 
Pb and O has been calculated as 2348° C.;^ the specific heat at 23° C. is 0.0519; 
it is a good conductor of electricity when molten. 

Litharge is a strong base and quickly corrodes acid furnace material, with 
which it forms a silicate. It is an excellent flux, forming fusible compounds 
with oxides that are infusible alone. They do not always enter into chemical 
combination with it, but often are simply held in igneous solution by an excess 
of litharge. Thus fusible mixtures are formed with CaO, BaO, MgO, and 
AI2O3. Table 9^ gives the amounts of litharge required to form fusible mixtures 
with the principal metallic oxides. 


Table 9. — Scorifying Effects of Litharge 


One part of 

CuaO 

0 

0 

ZnO 

Fe 304 

PesOa 

MnO 

SnOa 

SbaOa 

SbOa [ AS2O3 

As-jOs 

Requires parts of 
litharge 

l.S 

1.8 

8 

4 

10 

10 

12 

to 

13 

Fusible in all 
proportions. 

0,4 

5 to 

1 0.8 

0 . 25 

to 

I 


The investigation of Cummingham“ of the system PbO-CuO up to 70 per 
cent. CuO has shown the absence of chemical compounds and the presence of 
an eutectic with 32 per cent. CuO, freezing at 689° C. This explains the well- 
known fact that, in cupelling, coppery litharge flows more readily than litharge 
free from Cu. 

Litharge readily gives up its O. This is seen from its behavior with S, Te, 
As, Sb, Sn, Bi, Cu, Zn, Fe.® 

They become wholly or partly oxidized, and the oxides are either volatilized 
or scorified by the surplus of litharge, a corresponding amount of lead, which 
combines with any unoxidized part, having been reduced. PbO begins to act 
upon Fe at about 925° C.'^ 

Reduction by C is noticeable at 4oo-5oo°,^is very decided at 600°, and more so 
at 700° C. Reduction by CO to Pb begins at 160-185° C., PbO passing through 
the state of Pb20;^ Brislee^® gives 300°. Reduction by H to Pb20 begins 

^ Doeltz-Graumann, Metallurgie, 1906, ni, 407. 

2 Hofman-Wanjukow, Tr. A. I. M. E., 1912, XLni, 543, 

® Stalilj Metallurgie, 1907, rv, 682. 

^ Berthier, “Traite des Essais,” i, 513. 

Percy, “Lead,” p. 16. 

® Zt. anorg. Chem., 1914, Lxxxrx, 418. 

® Berthier, loc. cit., p. 382. 

Percy, op. cit., p. 18. 

Friedrich, StaM u. Eisen, igii, xxxi, 2040. 

® Doeltz-Graumaun, Metallurgie, 1907, iv, 420. 

Brislee, J. Cherfi. Soc., 1908, xcni, 154. 

® Borchers, Metallurgie, 1904, i, 295. 

Fay-Seeker-Lane-Fergusion, Brooklyn Polytech. Engineer, 1910, x, 7; 'Eng. Min. J., 1911, 
xci, 406. • * 

^0 Loc. cit. 
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at 211°, and to Pb at 235°;^ Fay-Seeker-Lane-Fergusion^ give 190° as the 
lowest temperature. 

Reactions with PbS are taken up in §41. 

PbO is slightly soluble in H2O (i part in 12,000), readily so in acids and al- 
kali. The best solvent is HNO3; HF dissolves it sparingly;^ HCl converts it 
into PbCh; H2SO4 into PbS04; H2S changes it into PbS; HI into Pbl2; alkali 
solutions convert it into plumbate, e.g., K2 Pb(OH)6. This is stable at 100° C., 
but is decomposed at a higher temperature: K2Pb(OH)6+heat= 2 KOH-f- 
PbO+O+aHaO. 

Lead carbonate, PbCOs (77-5 per cent. Pb; 2O7Pb4-i2C4-480 = 267 
PbCOs A 170,000 cal.). This occurs as cerussite. It is a poor conductor 
of electricity.^ The white lead of commerce is a basic carbonate. PbCOs 
is little soluble in H2O; the solubility is greatly increased in the presence of 
CO2; it is soluble in brine.® It is decomposed by heat under the partial pres- 
sure of CO2 at 315° C.;® the dissociation temperature in a current of air ought 
to be lower. The reaction PbCOa+heat— >PbO-hC02 is non-reversible'^ at 
least in the absence of moisture. 

30. Plumbites and Plumbates. — ^The oxides PbO and Pb02 form plumbites 
and plumbates with alkali, alkali earths, and some metallic oxides. 

Flumhites, M2''Pb02. Dissolving PbO in an aqueous solution of or in molten 
KOH forms unstable K2Pb02 which is readily oxidized to the plumbate 
K2Pb03 if air is introduced. 

Plumbates, M2^Pb03. There exist two classes: metaplumbates (H2Pb03) 
and orthoplumbates (H4Pb04). Of the latter the calcium plumbate, 
Ca2Ph04, has been referred to in connection with blastroasting.® It is formed 
by heating Ca(OH)2 either with Pb02 or with PbO, air having free access. The 
compound is stable in dry air free from CO2. It is decomposed by acid into 
calcium salt and Pb02; at ordinary temperature by CO2 when suspended in 
H2O; by boiling with HNaCOg; by H2O alone at 150° C. The dry salt is de- 
composed between 950 and 1020° CP 

31. Lead Ferrite. — ^It is known that in the crucible assay the presence of 
Fe203 acts unfavorably upon the 3deld of Pb. The usual interpretation is 
that Fe203 oxidizes some of the reducing agent; Kohlmeyer^® on the other hand 
attributes it to the formation of a compound of Fe203 and PbO. Investiga- 
tions of the system Pb0-Fe203 leads him to the conclusions^ that there exist 

^ Glaser, Zt. anorg. Chem., 1903, xxxvr, 13. 

^Loc. cit. 

3 Jager, Zt. anorg. Chem., 1901, xxvn, 22. 

^ EHiani, Berg. Siiitenm. Z., 1S83, xxn, 235, 375. 

® Met. Chem. Eng., 1916, xiv, 31. 

® Friedrich, Stahl u. Eisen, 1911, xxxr, 1909, 

^ Debray, Comft. rend., 1878, lxxxve, 513. 

* Botchers, Metallurgie, 1905, n, i. 

®Le Chatelier, Cdmpt. rend., 1894, cxvrr, 109. 

Metallurgie, xgio, vn, 289. 

Op. cit., 1913, X, 447, 483. 



LEAD COMPOUNDS 


37 


probably five chemical compounds, 3Pb0.Fe203; 3Pb0.2Fe203; 3Pb0.3Fe203; 
2PbO.3Fe203; and Pb0.2Fe203, all of which are decomposed upon fusion 
and form ternary mixtures of PbO, FeO, and Fe203. Of these at least 
one chemical compound Pb0.Fe0.4Fe203 is believed to be formed. The 
melting-point of PbO is depressed 133° C. through the addition of 12 per cent, 
by weight of Fe203. 

32. Lead Silicates. — There occur two silicates, barysilite, 3Pb0.2Si02, 
and alamosite, Pb0.Si02, which have only mineralogica] interest. The 
constitution of lead silicates was first studied by Simmons^ and Manihot- 
Kieser,^ and later by Mostowitsch.® The last concluded that there existed 
no real compounds, and that the silicates were solutions of PbO in lead glass. 
This position has been controverted by the researches of Cooper-Shaw- 
Loomis,^ Hilpert-Weiler® and Hilpert-Nacken.® The curve of Hilpert- 
Nacken, Fig. 29, shows three chemical compounds, 2Pb0.Si02, 3Pb0.2Si02, 
and PbO.Si02, which have been further established by optical analysis,^ and 
three eutectics; one of PbO-2PbO.- <= 

Si02, freezing at 717° C.; a second, 

2Pb0.Si02-3Pb0. 28102; and a third, 

3PbO.2SiO2-PbO.SiO2, both of 
which freeze at 670° C. The union ’ 
of the components^ begins at 710°, 
is slow at 750°, and increases rapidly 
with the temperature. Mostowitsch^ 700 -f 
has shown that mixtures of PbO and 
Si02 ranging in composition from 
6Pb0.Si02 to Pb0.Si02 begin to 
soften at temperatures lying between 
700 and 750° C., that is, considerably 
below the melting-point of PbO, 
which lies at 883°; also that the 
melting points of lead glasses in general are lowered as the Si02-conteiit is 
increased. Thus the subsilicate 4Pb0.Si02 is completely liquefied at 726°; 
the singulosilicate, 2Pb0.Si02, forms a viscous liquid at 724'’, and requires 
940° C. to flow readily. These data do not quite agree with those to be 
read from the curve. 

The fusible silicates are yellow and become darker in proportion to the 
quantity of PbO they contain. They change their color if they are contami- 



> Per Cent, I>b0.Si0 2 

Fig. 29. — Freezing point curve of system 
Pb0-Si02. 


^ J. Chem. Soc., 1903, Lxxxvin, 1449. 

.2 Liebig Ann. Chem., 1905, cccxxii, 356. 

3 Metallurgie, 1907, iv, 648. 

Am. Chem. J., igog, xlh, 461. 

® Ber. deutsch. Chem. Gesell., 1909, xlu, 2969. 

® Op . cit., 1910, XLm, 2565; Metallurgie, 1911, vni, 157. 

Cooper-Kraus-Klein, Am. Chem. J., 1912, xLvn, 273. 

8 Hilpert, Metallurgie, 1908, v, 535. 

^ Metallurgie, 1908, v, 535; Tr. A. I. M. E., 1916, lv, 744. 
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nated with other metallic oxides, as can be seen if lead is slagged in a scorifier; 
e.g., Fe colors brown; Cu, green; Mn, purple-black; Ni, brownish-yellow; Co, 
blue; Te, yellowish-red, the colors growing dark in proportion to the oxide 
. added. 

Hilpert^ heated mixtures of the components, severally to 930° and 
1,000° C., and found that at 930° only 2Pb0.Si02 showed loss by volatilization; 
that at 1,000° again 2Fb0.Si02 gave the greatest loss and was followed by 
PbO.SiOa; and that mixtures with higher percentages of Si02 experienced no 
loss whatever. 

Lead silicates are much used for glazing tiles, pottery, etc. Their behavior 
has been studied by Seger and Cramer.^ 

The lead from silicates is not readily liberated by the ordinary reducing 
agents. Sulphur decomposes the singulo-silicate to some extent, but it has 
less effect on the bi-silicate; FeS throws down some Pb, a double silicate of 
lead and iron being the result; C reduces from a bi-silicate part of the Pb. 
In order to extract all the Pb it must be first set free from its combination 
with SiOa by a basic flux; thus Fe decomposes all fusible lead silicates at a 
bright red heat, provided enough is added to form a singulo-silicate. 

The singulo-silicate and bi-silicate of lead are readily decomposed by nitric 
acid, the tri-silicate is not completely decomposed; the more acid the silicate 
the less is it soluble. 

33. Lead Borates. — Fusions of PbO and B2O3 give glasses which are colorless 
or light yellow, and increase in hardness with the content of B2O3. Le Chatelier"* 
prepared the compound Pb0.3B203 by fusion of the components and removal 
of the excess of B2O3 with H2O. According to Guertler^ the oxides PbO and 
B2O3 are only partly miscible at temperatures below 620° C.; fusions with 
0—0.6857 g. PbO : ig. B2O3 form emulsions; with over o.o6857g. PbO they form 
glasses. 

34. Lead Chloride, PbCL (74.5 per cent. Pb; 2o7Pb+7iCl= 278 
PbCl2+83,9oo cal.). — It is formed in the dry way by the action of Cl upon Pb, 
and in a chloridizing roast of Pb and its compounds. It is crystalline or amor- 
phous depending upon the mode of preparation; melts at 498° C. boils at 
956°;® has a specific heat of 0.0778 between 260 and 498° C., and of 0.121 between 
498° and 580°; a specific resistance ranging from 1395 to 1941 ohms between 498° 
and 608°. It is soluble in boiling water^ from which it crystallizes in rhombic 
crystals upon cooling; is slightly soluble in cold water, less so in water containing 
a little HCl, the solubility increasing with the content of HCl; soluble in alkaline 


^ Loc. cii. 

2 Thonindiistrie Z., 1S93, xvir, 1224; Berg. Huttenm. Z., 1S94, liii, 11. 

2 Bull. Soc. Chim.y 1899, xxi, 35. 

* Zt. anorg. Chem., 1904, xx, 225. 

® Goodwin-Kalmus, Phys. Rev., 1909, xxvm, i. 

® Weber, Zi. anorg. Chem., 1899, xxx, 305. 

^ Auerbach-Pleissner, “Ueber die Loslichkeit einiger Bleiverbindungen in Wasser,” Sprin- 
ger, Berlin, 1907. 
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chlorides. It is reduced by H below its melting-point, by heating with Ca(OH)2 
and charcoal, or with black flux (K2CO3+C), or H20-vapor and C. 

It forms many double salts. The system PbCU-KCl shows three chemical 
compounds,^ PbCb-KCl, PbCl2.2KCl, PbCl2.4KCl,' and 2 eutectics between 
KCl and 2PbCl2.E:Cl, and 2PbCl2-Ka and PbCl2.2KCL The system PbCh- 
Mg(Ca)Cl2 has been studied by Menge.^ PbCh-MgCh forms an eutectic 
with 91 per cent. PbCh, freezing at 455° C., the melting point of PbCb being 
496° and that of MgCh 710°. PbCl2-CaCl2 forms an eutectic with 83 per 
cent. PbCh, freezing at 467°, the melting point of CaCb being 777°. In both 
cases the eutectic line extends to the ordinates. 

Of the oxychlorides Ruer^ has established the compounds PbCh.PbO, 
PbCh.aPbO, and PbCl2.4PbO. The compound PbCh.PbO is decomposed 
at 524° C., and fuses at 615°,* PbCl2.2PbO fuses at 693° without decomposi- 
tion; the same is the case with PbCl2.4PbO at 711°. The basic PbCl2.2PbO 
form's in part solid solutions with the other two chlorides. 

According to Berthier,^ PbCl2 and PbS form fusible mixtures which show a 
strong tendency to percolate through a clay crucible. Truthe^ has shown that 
there exists an eutectic in the system PbCh-PbS with 22 per cent. PbS which 
freezes at 441° C. 

The volatility of PbCU has been made the basis of a process for the extrac- 
tion of Pb from silicious oxide ores.® 

35. Lead Bromide and Iodide, PbBr2 and Pbl2 (56.41 and 44.92 per cent. 
Pb). — The compounds are of little importance at present in the treatment of 
lead ores. According to Monkemeyer'^ PbCl2 melts at 495° C., PbBr2 at 370°, 
and Pbl2 at 358°. The compounds PbCb and PbBr2 form solid solutions; 
PbCh and Pbl2 are slightly soluble in one another and form an eutectic with 
23 per cent. PbCli, freezing at 306°; PbBr2 and Pbl2 show a similar behavior, 
being only slightly soluble and forming an eutectic with 51 per cent. PbBro, 
freezing at 256“^ C. The melting-point given for PbBr2 appears to be low; 
Goodwin-Kalmus® give 488° C. The boiling point of PbBr2 is 921°;^ that of 
Pbl2 lies between 861 and 954°. 

36. Lead Fluoride, PbF2 (84.48 per cent. Pb; 2o7Pb-l-38 F = 245 PbF2+- 
101,600 cal.). — It is formed by the union of Pb and F2, or the action of HF 
upon Pb(OH2) or PbCOs. It is a white powder practically insoluble in H2O 
and HF, slightly soluble in HNO3 and HCl, readily fusible to a yellow liquid, 

1 Lorenz-Ruckstuhl, Zt. anorg. Chcm., 1906, Li, 71. 

Zt. anorg. Chem., 1909, xxrv, 227. 

3 Op. cU., 1906, XLix, 365. 

^ “Trait6 des Essais,” ii, 685. 

^ Zt. anorg. Chcm., 1912, xxxvi, 161. 

s Wells, Min. Sc. Press, 1917, cxrv'’, 507. 

Ralston-Williams-XJdy-Holt, Bull. A. I. M. E., August, 1917, p. 1205. 

^ Ncues Jahrh. Mineralogie, Beilagehand., 1908, xxii, i. 

® Phys. Rev., 1909, xxvm, i. 

3 Helfenstein, Zt. anorg. Chem., X9oo,xxiii, 255. 

Carnelly, J. Chem. Soc., 1880, xxxvn, 126. 
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unchanged at a higher temperature, decomposed at an elevated temperature 
by H and S, in the cold by H2SO4. 

37. Lead FluosiHcate, PbSiFe ( 59 - 3 i per cent. Pb).’— It is formed by the 
action of HaSiFe upon PbO when some SiOa is precipitated; crystallizes from 
solution with 4 mol. H2O; dissolves at 15° C. in 28 per cent, of its weight of 
H2O, forming a syrupy solution of 2.38 sp. gr.; melts at 60° C. with water of 
crystallization. Heating a neutral solution causes a partial decomposition 
into insoluble basic salt and free HaSiFe. 



Fig, 30. — Electric conductivity of HaSiFe of 
different normalities of PbSiFe dissolved in 
acid. 



Fig, 31. — ^Electric conductivity of PbSiFg 
when dissolved in different normalities of 
HaSiF 8. 


The electric conductivity of H2SiF6 and of PbSiFe has been studied by 
Pattinson.^ His results are summarized in Figs. 30 and 31; they show at a 
glance the great effect free acid has in increasing the conductivity of the 
electrolyte. 

Electrolysis does not decompose H2SiF6 simply into H' and HSiFe’; there 
exists a tendency toward the decomposition into Si 02 and HF which combine 
again under the influence of circulation and diff^usion. 

38. Lead Selenide and Tellunde .^ — Lead selenide, PbSe (72.3 per cent, 
Pb; 2 o 7 Pb +79 Se=286 PbSe-f-i7jOoo cal.) occurs aS clausthalite ; its freez** 
ing-point curve has been noted in §22. It is formed by direct union of com- 

^ Betts, Tr. A. J. M. E., 1904, xxxiv, 175. 

* Met. Chem. Eng.^ 1913, xi, 670, 
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ponents^ or by reduction of selenate with H, C, or Al; is readily sublimed; 
is decomposed by roasting. 

Lead telluride, PbTe (62.3 per cent. Pb; 207Pb4-i26 Te = 333 PbTe+ 
333 cal.) occurs as altaite; its freezing-point curve has been noted in §22. It is 
formed by direct union of the elements, is readily sublimed, and decomposed 
by roasting. 

Selenides and tellurides are found in the anode mud formed in the elec- 
trolytic refining of copper and lead. They deserve consideration, as the mud 
forms the raw material for the production of Se, and the Te, for which there 
is no market at present, is the bane of the refiner in producing fine silver or 
dore silver. 

39. Lead Sulphide, PbS (86.6 per cent. Pb, 2o7Pb+32S= 239PbS+ 20,- 
200 cal.). — ^This occurs as galena. The existence of subsulphides (Pb2S, 
Pb4S) believed in by older metallurgists^ and doubted by Percy^ has been dis- 
posed of by Friedrich-Leroux,^ whose freezing-point curve is given in Fig. 32. 
This shows two unbroken lines ; the crystalli- 
zation of PbS begins at 1103° C. and solidi- 
fication of the mixture is completed at 326°, 
the melting-point of Pb. 

Rossler^ found that PbS dissolved in Pb 
would crystallize, upon cooling, in cubes 
arranged in step-form, resembling those 
which are frequently seen in wall- and hearth- 
accretions of blast-furnaces.^ 

PbS is formed in the dry way by heating 
Pb and S, or PbO with an excess of S, or by 
reducing PbS04 with carbonaceous matter.'^ 

The reduction of PbS04 is taken up in §40. 

In the wet way PbS is prepared by precipi- 
tation from solution with H2S. The sulphide produced in the dry way 
has the same properties as galena; precipitated amorphous PbS is rendered 
crystalline by heating with exclusion of air. 

The melting-point is given as ranging from 935°® to 1120° C.f the last 
figure is the one generally accepted. The sulphide is very fluid when melted, 

1 Rossler, Zt. anorg. Chem., 1895, rx, 41. 

2 Bredberg, 7 . ohon. Chem., 1829, v, 237, 1831; xn, 287; PoggendorJ Ann., 1829, 

vn, 268. 

® “Lead,” 39. 

^ M etallurHe, 1905, n, 536. 

® Zi. anorg. Chem., 1895, rx, 41. 

® Illustrated in Plattner, C. F., “Die MetaUurgisclien Rostprocesse,” Engelhardt, 
Freiberg, 1856, p. 201. 

^ Boudouard, Bull. Soc. Chem., 1901, xxv, 284. 

® Lodin, Compt. rend., 1895, xx, 1164. 

® Friedrich, Metallurgie, 1908, v, 23. 

Biltz, Zt. anorg. Chem., 1908, lix, 273. 



Fig. 32. — Freezing point curve 
PbS-Pb. 
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and penetrates the firebrick of the furnaces in which it is treated; often a net- 
work of small veins of bright crystalline galena is found in furnace-linings. It 
is volatile below its melting-point. Doeltz-Graumann^ heating galena in an 
atmosphere of N found that sublimation took place at 860° C., while Biltz^ 
noticed it only at 950°. A more recent research of SchmehP gives 600° as the 
temperature at which PbS is partly volatilized. On the walls of blast-furnaces 
crystals of sublimed galena are of common occurrence. The specific heat of 
crystallized galena between 0° and 300° C. is 0.0520.^ Galena is a good con- 
ductor of electricity;® numerical data are given by Guinchant® and Aubel.'^ 

The relations existing between PbS and other metallic sulphides are dis- 
cussed under Constitution of Matte, §180. 

PbS is decorhposed in the dry way by heating to 600° C. in a Current of H,® 
the reaction PbS-|-H2?=^Pb+H2S being reversible; by roasting; and by 
fusion with a metal which has a stronger affinity for S than has Pb. 

In roasting, oxidation begins at 360° to 380° C. according to the writer’s ex- 
periments with 160-mesh galena. The figures of Friedrich,^ 554° and 847° C. 
as the ignition temperaturers in Q for particles of o.i mm. and over 0.2 mm. in 
size, appear to be too high. Plattner’-® states that in roasting finely ground 
galena carefully at a temperature sufficiently low to prevent its becoming pasty, 
it will be first converted into PbO (perhaps only into Pb20) and SO2. PbS 
does not oxidize readily, hence SO2 will form slowly; part of the SO2 combines 
with the O of the air and forms SO3 by catalysis, and this combines with PbO 
to form PbS04; if Pb20 is present, the SO3 first converts it into PbO. The 
suggestion of Rammelsberg^^ that some PbS is directly oxidized to PbSOi, 
without passing through the stage of PbO, does not appear to be valid,, as the 
reaction MS+2O2— ^MS04 is not reversible.^^ Under ordinary conditions the 
product of a roast is a mixture of PbO and PbS04- Thus Plattner^® in roasting 
pure galena obtained the proportion 5Pb0:2PbS04. The recent research of 
Dempwolff^^ shows that if a roast is carried on at a temperature below 450° C. 
there is formed mainly PbS04, and that with slow oxidation in the presence of 
a catalyzer the entire PbS may be converted into PbS04. On the other 
hand, the more the temperature rises above 450®, the greater will be the 
amount of PbO forined; if it is raised above 750°, the reaction between PbS 

^ Metallurgie, 

^ Loc. cii. 

3 Dissertation, Darmstadt, 1914. 

^Tilden, Proc. Roy. Soc., 1907, lxxi, 220. 

® Kiliani, Berg. HaUenm. Z., 1883, xxii, 235, 3.75. 

® Compt. rend., 1902, cxxxiv, 1224. 

^ Op. ciL, 1902, cxxxv, 456, 734. 

® Schmehl, op. cit. 

® Metallurgie, 1909, vx, 170. 

Op. cit., p. 145. 

Percy-Rammelsberg, “Die Metallurgie des Bleies,” Vieweg, Brunswick, 1872, p. 39. 

12 Vondr^cek, Oest. Zt. Berg. HUttenw., 1906, nrv, 437. 

^3 Loc. cit. 

M. jBfz-, 1914, XI, 619, 
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and PbS04 (§41) will begin, and the Pb set free will be oxidized by 
cupellation. The experiments prove the generally accepted rule that slow 
roasting at a low temperature produces more PbS04 than if the operation is 
carried on quickly at a high temperature. This may be expressed by 


2PbS+70 = Pb0+PbS04+S02 (slow roast) 

) = 2Pb0+PbS04+-2S02 (quick roast) 

The proportions of PbO and PbS04 formed are dependent not only upon the 
temperature and amount of rabbling, but are governed largely also by the 
character of the nlinerals associated with the galena in the ore. Thus Plattner^ 
in roasting galena from Bleiberg, Carinthia, which contained a small amount 
of blende and pyrite, obtained in his product the ratio PbOiPbSO^; and in 
admixing 50 per cent, pyrite this ratio was changed to 2Pb0:3PbS04. The 
presence of other sulphides is likely to increase the amount of PbSOi formed. 

The study of Bannister^ of the effects of gangue minerals is of special interest. 
The galena concentrate with which he carried on muffle-roasts contained Pb 
78.56, S 11.79, Si02 2.20, Fe 2.24, Zn 1.98 
per cent. Fig. 33 gives the temperature 
record of a roast of galena mixed with 
20 per cent. lime. The dotted line CD 
represents a blank test, the full-drawn 
line AB the charged muffle. Curve AB 
shows a slight evolution of heat between 
180° and 260° C., due to the oxidation 
of a small amount of pyrite; at 560° a 
considerable rise in temperature takes 
place accompanied by a glowing of the 
charge; the evolution of heat ceases after 
730°, but is followed by a second rise 
at 745° which is not sufficient to cause 
a glow ; at 800° a third rise occurs which 
causes the charge to glow and the tem- 
perature to rise rapidly to 900°. The Fig. 33 .-Muffle-roast, galena— lime mixture, 
first evolution of heat, now shown to 

take place at 560°, was noticed by Percy ^ and by Hutchings.'^ The composition 
of the charge, after the first glow, had changed from PbS 70.4, CaO 20.9, 
Si02 1.7, N.D. 7.0 per cent, to PbS 28.3, PbS04 7.3, PbO 28.7, CaO 16.0, 
CaS04 10.4, Si02 1.6, N.D. 7.7 per cent.; and after the second glow to PbS 
nil., PbS04 nil., PbO 56.0, CaO 6.2, CaS04 29.5, Si02 1.5, N.D. 6.8 per cent. 
The first analysis shows that during the first glow some PbS has been 
converted into PbS04, and a considerable amount into PbO, also that some 



^ Loc. cit. 

2 Tr. Instit. Min. Met., 19 12-13, ^i) 346. 
® “Lead” p. 238. 

* Eng. Min. 1905, Lxxx, 726. 
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CaS04 has been formed; the second, that the remaining PbS and PbS04 have 
been- converted into PbO, and the whole of the remaining S is present 
as CaS04. This proves that CaC has a decomposing effect upon PbS in 
an oxidizing roast; a fact intimated by Rivot,^ and claimed also for BaO. 
Fig. 34 gives the temperature-curve for a mixture of galena with 20 per cent. 
SiOa having the composition Pb 72.6, Si02 21.7, N.D. 5.7 per cent. Between 
180 and 290° there is again a slight evolution of heat due to the pyrite present; 
the first rise in temperature due to the oxidation of PbS occurs at 535°? the 
second at 730°, and the third at 810°. The first two evolutions take place 

at temperatures slightly lower, the third 
at a slightly higher temperature than 
do those noted with the lime-mixture; 
all three evolutions are less intense. 
After heating to 700° the composition 
of the charge has changed to PbS 30.0, 
PbS04 26.7, PbO 17.8, SiOs 21.2, N.D. 
4.3 per cent.; and after 850° to PbS 
i.o, PbS04 51*1, PbO 22.7, Si02 22.0, 
N.D. 4.2 per cent. A comparison of 
the compositions of the products of the 
PbS-CaO and the PbS-Si02 mixtures 
shows that at these roasting tempera- 
0 6 10 15 20 25 30 35 40 tures CaO acts very differently from 

FiG,34.-Muffle-roast,gatena-5ilicamixture. SiO. the latter serving only as a diluent 

of the charge. Practical experience 
with blast roasting has brought out the fact that charges with an admixture 
of CaO work better than those having other diluents 

In the original paper, Bannister gives curves for mixtures of PbS with PbO- 
CaO, with CaCOs, CaS04, MgO, Fe203, and CaOT-H20. The research of 
Percy ^ upon the changes galena undergoes in the English reverberatory 
furnace supplements the laboratory work of Bannister. 

The decomposition of PbS by a metal which has a stronger affinity for S 
than Pb, studied in 1833 by Fournet® has been reinvestigated by Schiitz^ who 
places the metals 

Mn-Cu-N i-Fe~Sn-Zn-Pb 

in the given order, Mn forming the strongest and Pb the weakest sul- 
phide. In the smelting of lead ores Mn need not be considered, as it practically 
always occurs as MnO*, which enters the slag and is found only to a very small 
extent in matte. Of the other metals, Fe is the most important; the reaction 
PbS-|-Fe = Pb+FeS. forms the basis of what is called the Precipitation Frocess. 

1 “Traits de M^tallurgie,” Dunod Paris, 1872, n, p. 42. 

^ “Lead,” 234-240* 

® Hofman, “ General Metallurgy,” igrS, 74. 

^ Metallurgies 1907, iv, 6^9, 694, 
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Practical experience has shown that the decomposition of PbS is never complete; 
and Schlitz has proved that the reaction MS 4 -N = M+NS is in part 
reversible. In furnace work it is customary to calculate the Fe necessary for 
the decomposition of PbS according to the formula given: if less Fe is added,, 
the resulting matte remains too rich in Pb; if an excess is given, it is wasted,, 
as the Fe is simply dissolved by the PbS~FeS matte. The amount of Fe the 
matte can hold in solution varies with the temperature. The alloy series 
FeS-Fe has been studied by Friedrich,^ the series FeS-Fe-PbS awaits 
investigation. An excess of Fe in the charge may be disadvantageous in the 
decomposition of argentiferous galena, since on account of the afiSnity of 
Ag2S and FeS (see Matte, §180) more Ag wiU go into the matte than can be 
accounted for by the amount of Pb present. In addition to having the correct 
amount of Fe present to decompose PbS, the temperature of the reaction is of 
decided importance; the higher it is, within reasonable limits, the better wall 
be the decomposition. A basic ferrous sihcate (4Fe0.Si02) will decompose 
PbS readily; the singulo-silicate (2FeO.Si02) shows little effect. In practice, 
the amount of Fe in excess of that required to flux the Si02 is available for the 
decomposition of PbS. 

According to Berthier,^ CaO and BaO have a decomposing effect upon PbS, 
if air is excluded and C present: 2PbS+CaO+C = Pb+(PbS.CaS) + CO. 
The research of Schiitz^ shows that the presence of CaS in a charge greatly 
diminishes the yield of Pb, and that the harmful effect of BaS, while similar, is 
very much weaker. 

40. Lead Sulphate, PbS04 (68.3 per cent. Pb; 207Pb+32S+640 = 
303PbS04+2i5,7oo cal.). — ^This occurs as anglesite; is formed in roasting PbS 
and in precipitating lead salts with H2SO4. The melting-point lies above 1 100° 
C., but is difficult to determine on account of dissociation (see belowO- It is a 
poor conductor of electricity;"* is shghtly soluble in H2O, less so in dilute 
H2SO4; somewhat soluble in concentrated H2SO4, in HNO3 and solutions of 
nitrates, in hot HCl; in solutions of Na2S203, the solubility increasing 
with concentration and temperature;® in CaCL, NaCl,® Ca(C2Hs02)2, and 
NHs-salts. 

PbS04 is decomposed in part by heating. The constitutional diagram 
PbS04~Pb0 by Schenck-Rassbach'^ is given in Fig. 35. It shows the existence 
of two stable basic sulphates, PbS04.Pb0 with 42.39 per cent. PbO, and PbS04.- 
2PbO with 59.49 per cent. PbO; a third basic sulphate, PbS04-3Pb0, with 
68.78 per cent. PbO, is stable only below 880°, as it splits above this tempera- 
ture into PbS04.2Pb0 and PbO. There are also three eutectic mixtures, 

^ Hofman, “General Metallurgy,” 213. 

2 “Trait6 des Essais, etc.” n, p. 673; also Percy, “Lead,” 55. 

®ioc. cit. 

* Kiliani, Berg. Euttenm. Z., 1883, xrn, 235, 375. 

®Stetefeldt, C. A., “The Lixiviation of Silver Ores with Hyposulphite Solutions,” New 
York, 189s, 25. 

® Met. Chem. Eng., 1916, xrv, 31. 

^ Ber. deutsch. chem. GeselL, 1907, xx, 2185, 2947; 1908, xu, 2917. 
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PbO-PbS04.3PbO with87 per cent. PbO, freezing at 820°; PbSO4.2PbO-PbS04.- 
PbO with 53 per cent. PbO, freezing at 940°; and PbS04~Pb0.PbS04 with 
30 per cent. PbO, freezing at 950° C. In the solid state there are two 
transformations, one of pure PbS04 at 850°, the other of PbSO4.2Pb0 
at 450° C. In heating PbS04 in a current of air, Doeltz-Graumann^ found 
dissociation to begin at 900° C., and to increase to 46 per cent, by heating 
1.5 hr. at 1,000°. Hofman-Wanjukow^ found that in a current of air PbS04 
shows the first signs of dissociation at 637° and that energetic decomposition 

begins at 705° with the formation of 
bPbO.sSOs. This salt undergoes a trans- 
formation at 847°, begins to be decom- 
posed at 888°, to sinter at 896°, and to 
fuse at 910°; rapid discsciation into 
2Pb0.S03 begins at 952° and is accom- 
panied by volatilization of PbO. The 
later investigation of Mostowitsch'^ shows 
that partial dissociation begins only at 
800°; that the speed of decomposition is 
slow up to 950° and quick when the temper- 
ature is raised above 950°; that fusion 
occurs between 950° and 1000° after a 
partial decomposition of the normal PbS04. 

Si02 readily decomposes PbS04 at 1,030° C.^ forming lead silicate, while 
the SO3 driven off is split into SO2 and O. Mostowitsch''^ has shown that in 
the presence of SiOa the dissociation temperature is not lowered; that the 
decomposing effect of Si02 is not proportional to the amount present, but 
rather that the reverse holds true, as decomposition is governed by the viscosity 
of lead silicates formed, the viscous slag enveloping PbS04 and retarding 
the decomposing action; and that the most rapid decomposition accompanied 
by the lowest loss of lead by volatilization lies between the singulo- and bi- 
silicate containing from 10 to 15 per cent. Si02. 

The PbS04 obtained in roasting a siliceous galena is thus decomposed, if 
the temperature is sufficiently raised and the percentage of Si02 correctly 
apportioned. The operation goes by the liame of Slag-roasting. 

Fe203 also has a decomposing effect. Troske® found that it assists decom- 
position at 900° C. and higher temperatures, that its action is less energetic 
than that of Si02, and that at 1100° the entire SO3 is driven off. He also 
found that Fe203 heated to 1200° is a more powerful decomposing agent 
than the ordinary red oxide. He further ascertained that if FeO in contact 

^ Metallurgie, 1906, m, 44. 

^ Tr. A. 1. M. E., xgi2, xxin, 523. 

3 Tr. A. I.M. E., 1916, xv, 741; Met. Ghent. Eng., 1916, xv, 46. 

* Friedrich, Stahl u. Eisen, 1911, xxxr, 2040. 

^ Loc. cit. 

U. u. Erz., 1913, X, 415; E!,ng. Min. J., 1913, xcvi, 207, 
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Fig. 35 .- -Constitutional diagram 
PbS04-PbO. 
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with. PbS04 is heated in a current of air, it is oxidized up to 800° by the O of 
the air, whereas above 800° it robs the PbS04 of some of its O. 

Metallic Pb is oxidized by PbS04 at a high temperature, Pb+PbS04 = 
2Pb0+S02; Peis oxidized and sulphurized, 4Fe+PbS04 = Fe3044-FeS-l-Pb; 
CaO is sulphatized, Ca0+PbS04 = CaS04+Pb0. 

The reduction of PbS04 by C and CO to PbS is not as simple as is usually 
supposed because there are formed Pb and SO2 besides PbS.^ Reduction by 
C begins at 550° C. and is accompanied by the liberation of SO2 and Pb, the 
PbS formed acting upon unreduced PbS04; the speed of reduction is quicker 
at 630° than at 550° and is finished at 700"^ with the two residual products 
PbS and Pb. Reduction by CO begins at 600°, also with the liberation of Pb 
and SO2; it is very active at 630°. The double reaction noted furnishes an 
explanation for the elimination of S as SO2 in the reducing fusion of a lead 
blastfurnace; in fact, in smelting the gray slag from the ore-hearth as much 
as 50 per cent, of the S is usually expelled. The sulphate-S of CaS04 in blast- 
roasted ore has also little influence upon the matte-fall, as CaS04 is either 
reduced at 800° C. to CaS, which enters the slag as sulphide, or is dissociated 
by Si02 at 1000° C., when the resulting CaO follows the same course. 

Furnace men in this country have found that part of the S of the CaS04 
enters the matte; the same is the case with some English plants.^ The whole 
question has become less important since double treatment in blast roasting 
has reduced the total S to 2 per cent, and less. 

41. Reactions between Lead Sulphide, Oxide and Sulphate. — If intimate 
mixtures of PbS with PbO or of PbS with PbS04 in correct proportions are 
brought to a temperature at which softening begins, i.e., a dull- to a light-red, 
reactions take place which liberate Pb and 302 - 

1. PbS-l-2Pb0 = 3Pb-l-S02— 52,540 cal. 

2. PbS-fPbS04=2Pb-4-2S02-97,38o cal. 

If there is an excess of PbS or PbO over that called for by equation, the 
excess remains unaltered. If there is an excess of PbS in equation 2, the PbS 
remains unaltered; if there is an excess of PbS04, part or all of the lead is 
obtained as PbO. 

3 - 

4. 2PbSd-2Pb0 = 3Pb-{-PbS+S02. 

5. PbS-l-'2PbS04=Pb4-2Pb0+3S02. 

6. PbS+3FhS04=4Pb0+4S02- 

According to Lodin® the reaction of equation i takes place at 720° C., that of 
equation 2 at 670°, and that of equation 6 at 820°. Equations i and 2 form 
the basis of the Roasting and Reaction or Air-reduction Process (§55). 

Schenck and Rassbach^ have investigated the chemical processes that are 

^ Mostowitsch, loc. cit. 

* Hutchings, W. H., letter, Aug. 4, 1916. 

3 Compt. rend., 1895, cxx, 164. 

^ Ber. deutsch. Chem. Gesell., 1907, xx, 2185, 2947; 1908, xxi, 2917; Metallurgies 1907, iv, 455 
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possible by the interaction of Pb, PbS, PbO, PbS04, and SO2. Under the 
guidance of the phase rule they may be grouped to form four equations. 

{a) PbS-l-2Pb0?=^3Pb+S02. This equation is reversible. Equilibria were 
found at 692° C. with a tension of SO2 of 6 mm. Hg.; at 755° with 38 mm.; at 
800° with 99 mm. ; at 847 with 544 mm. ; at with 830 mm. The action of 
PbS upon PbO begins at 65o°-66o° C. and becomes very decided at 700°; at 
Soo*^ PbS begins to become volatile, and the volatilization increases rapidly 
with the temperature, 

(&) PbSH-PbS04?=±2Pb+2S02. This equation is also reversible. Equi- 
libria were found at 609° C. with a tension of SO2 of 30 mm. Hg.; at 655° with 
15s mm.; at 700° with 422 mm.; at 723° with 735 mm. The action of PbS 
upon PbS04 begins at 550° C. and increases in velocity with the temperature, 
but is governed by the pressure of SO2. 

(c) and (d) PbS+3PbS04->4Pb0+4S02 and Pb+PbS04-^2Pb0+S02. 
The equations show no equilibria even up to a pressure of SO2 of 760 
mm. Hg. The components begin to act at 550° C., and the reactions proceed 
from left to right irreversibly. 

It will be noticed that the reactions were studied under pressures of pure 
SO2 ranging from 6 to 830 mm. Hg. In furnace practice there is no pressure of 
SO2; on the contrary there is a slight vacuum due to draft. In a furnace- 
charge, also, one has to deal not with pure SO2 as in the experiments, but with 
air charged with small amounts, not over 7 per cent., of CO2 and SO2, the partial 
pressure of which is low. Lastly, SO2, the gaseous phase, being withdrawn 
from the furnace as soon as formed, we have to deal with three instead of four 
components; hence the presupposed equilibria and reversible reactions have no 
existence, and equations (a) and (&) in furnace-work proceed only in one, the 
usual direction from left to right. As to reaction (c) .with reference to blast 
roasting (§84), the forced draft carries off the SO2 set free as soon as formed, 
and thus assists in the quickness of the roast besides increasing the tempera- 
ture, both of which favor an acceleration of the process. 

According to Reinders,i PbS acting upon PbS04 forms the basic sulphate 
4Pb0,PbS04 which acting upon PbS liberates Pb, viz., PbS + 7PbS04==4Pb0. 
PbS044-4S02 and 6 PbS+4PbO.PbS04=i4Pb+ioS02. If the two equations 
are added, and the intermediary product is omitted, there is obtained 7PbS-h 
7PbS04=i4Pb+i4S02, or PbS+PbS04= 2Pb+2S02. 

^Zt. anorg. Chem., 1915, xxnr, 213; Eng. Min. J., 1916, cn, 870. 
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42. Introduction.— Many minerals contain lead, but only two or three are 
lound in sufficient quantity to be considered as important sources of lead. 
Accordin g to the character of the lead mineral, the ores of lead are divided into 
the two classes of sulphide pres (galena) and oxide ores (anglesite, cerussite, etc.) 
commonly called carbonate ores; both,.Mejna,de more or less impure by other 
metallic compounds and foreign matter. Viewing ores from the manner in 
which they are to be fluxed in the blast furnace, they are classed as siliceous, 
basic, and neutral ores, according as they require a base or silica, or are self- 
fluxing; relative to the necessity or desirability of eliminating most of the S 
before smelting, they are considered as roasting or non-roasting ores, practical 
designations which are in most cases synonymous with the terms of sulphide 
and oxide ores. 

43. Lead Minerals — CaleimJ^hS\ 86.6 per cent. Pb, 13.4 per cent. S). — 
This mineral is found well-crystallized in cubes, sometimes also in isometric 
octahedrons. Crystals are not so often found isolated as in irregular bunches. 
It occurs also in coarsely crystalline to fine granular varieties; cr>q)to-crystalline 
galena is rare. Galena is found in most of the geological formations. It is 
usually mixed with more or less vein matter, such as limestone, dolomite, sand- 
stone, quartz, earthy carbonates, barite, clay-slate, granite, gneiss, etc., which 
often have to be removed by a mechanical washing process before sending the 
mineral to the smeltery. The mine which works on the lowest grade galena ore 
is probably that at Mechernich, Rhenish Prussia, where small nodules of galena 
the size of a pea occur in a soft Triassic sandstone, the grains of which, about 
the size of millet, are slightly cemented by a clay or lime bond. The ore con- 
tains only 2.5 per cent, of galena, and the galena runs only about 6 oz. silver per 
ton. 

Table 10 shows the rocks and formations in which some well-known galena 
deposits occur and the tenor of the ore before and after dressing. 

In Tables ii and 12 are assembled analyses of galena concentrates from 
Southeast Missouri. 

The average lead content of the sulphide lead ores mined in the U. S. in 
1914 was 5.7 per cent.,^ that of lead-zinc ores 4.7 per cent. 

Min. Res. U, 6"., 1914, i, 423- 
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Table io. — Sulphide Lead Oees 


Raw Dressed Ore 


Locality 

Nature of 
ib<.k 

Geological formation 

per 

Per 

Ounces 




cent. 

cent. 

Ag per 




Pb 

Pb 

ton 

Mineral Point, Wis . . 

Dolomite . . 

Ordovician ■ 



3.00 

Rockville, Wis 

Dolomite.. . 

Ordovician • 



0.30 

Granby, Mo 

Dolomite.. . 

Lower Carboniferous • 



I. 25 

St. Joseph, Mo 

Dolomite.. . 

Cambrian 


70 


North of England . . . 

Limestone. . 

Carboniferous 


70-77 

8 . 00 

Bleiberg, Carinthia. . 

Limestone. . 

Triassic 


71 

0.05 

Pribram, Bohemia. . . 

Graywacke. 

Lower Silurian 


37-38 

76 . 50 

Freiberg, Saxony. . . . 

Gneiss 

Archaean 


18-70 

17-88 

Tarnowitz, Silesia . . . 

Dolomite. . . 

Triassic 


75-5 

13-50 

Upper Harz, Prussia. 

Graywacke 

Lower Carboniferous . 


64 

25.00 


slate 





Mechemich, Prussia. 

Sandstone. . 

Triassic. . . . 

2 

56-60 

3-4 

Kellogg, Idaho 

Limestone. . 

Algonkian. 

II 

60 

30.00 


Refer- 

ence 


9 


xo 


1. “Geological Survey of Wisconsin,” 1873-79. rv, 382, 

2. Desloge, Tr. A. I. M. E., 1889-90, xvm, 262. 

3. Hunt, R,, “British Mining,” Crosby Lockwood & Co., London, 1884, Spp, 
Phillips, J. A., “Elements of Metallurgy,” Lippincott, Philadelphia, 18S7, S66. 

4. Oesierr. ZL Bers. HHUenw., 1890. xxxvm, 286. 

5. Ibid., 188S, XXXVI, 567; and Oesterr. Jahrh.. 1891. xxxix, 10. 

6. “Freiberg. Berg und Huttenwesen,” Craz and Gerlach, Freiberg, 1S83, 83- 

7. Zt. Berg. HilUen. Sal. W. i. Pr., 1S84, xxxii, 392. 

8. Ibid., 1880, XXX, 131. and Private notes, 1890. 

9. “Bergbau und Hiittenbetrieb von Mechemich,” Cologne, 1886. 

10. Private notes. 


Table ir. — A n.alyses of Galena Concentr.ates from Southeast Missouri 


Ag (a) 

Cu 

Pb 

Si 02 

FeO 

CaO 

MgO 

Zn 

S 

Ni 

Co 

1.30 

0 . 70 

0. 127 
0.129 
0-248 

0. 2S2 

68.6 



3 • I 

1.4 

0.8 

iS -5 

15.0 

15.6 



73'-2 ' 

71.6 

64.6 

1 .0 

4. 7 

2.6 

0.8 

0.4 

0.05 

0 . IO 


I . IO 

1 .1 

5 - 2 

2.3 1 

0.9 

0.6 


0.65 

7.0 

6.4 

2.9 

1-3 

‘0.8 

13-7 

0. 16 

j 0.04 


(a) Ounces per ton. 


Table 12.— Analyses of Ores as Mined in Southeast Missouri and of Various Grades 
OF Resulting Concentrates (a) 


Ag 


High-grade concentrates. . .[0.7 

Mediura concentrates 1.3 

Low-grade concentrates |i . o 

Flotation slimes 

Flotation slimes, high-grade I3 . 7 
Joplin concentrates 


10. ,1210. 06 
0.13 

O. X2 

0.301 
0.50] 
I0.O5 









Ni 

Pb 

Si02 

Fe 

AI2O3 

CaO 

MgO 

Zn 

and 








Co 

5- 7 



4.9 

25-5 

14.2 

2.0 


73-2 


3-5 


2 . 6 

0.8 

0.4 15- 


68.6 

1.4 

4.6 


3.1 

1,4 

0.8 15.5 

0.06 

65.8 

0.5 

31 


4-3 

2.8 

1.7 7 


45-0 

9.6 

4-4 

3-1 

7-5 

4.2 

4.0 12.3 


57-8 

6.0 

2.7 


2. 2 


9-4 IS S 


80. 2 


I.O 


0.4 


X .7 13 3 



(a) GarUchs, A., Bull. A. 1 . M. E., July, 1917, X043. 
(,b) Ounces per ton. 
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Galena often occurs in a very pure state, but is more generally mixed with 
other metallic sulphides. These are either pyrite, arsenopyrite, chalcopyrite, 
blende, bournonite, jamesonite,^’ etc., which occur as associated minerals; or 
silver, copper, zinc, iron, nickel, etc., which form chemical compounds with the 
lead sulphide. The associated minerals can usually be separated mechanically 
from the galena, but not always. Sometimes the admixture is too intimate, 
and then causes trouble and loss in the metallurgical treatment. 

Galena is almost always argentiferous. The silver is rarely present in the 
native state; in galena poor in silver, it may appear as isomorphous silver sul- 
phide, but a more common mode of occurrence is as a finely disseminated argen- 
tite or other rich silver mineral. Nissen and Hoyt^ found that the limit of solid 
solution of Ag2S in PbS is 0.2 per cent, and that the eutectic is not developed 
in concentrations below 2.7 per cent. The difference of form is important in 
connection with wet concentration. If the silver occurs as isomorphous sul- 
phide, the loss in concentration will correspond, approximately, to the percent- 
age of lead in the tailing; if as associated mineral, e.g., tetrahedrite, it will be 
great, .as this mineral, being very brittle, is readily crushed to a fine powder, 
and, being also lighter than galena, is carried off on the water. If the dark scum 
that is often seen floating on the water of jigs treating argentiferous galena be 
assayed, the main source of loss in silver will appear. 

The tenor of silver in galena ores varies a great deal. The galena from 
Bleiberg, Carinthia, with 0.05 oz. silver per ton, represents probably the lowest 
amoim.V-and occasional specimens from Idaho and Schemnitz, Hungary, with 
2,042 oz. the highest. 

It has often been said, and may sometimes still be heard, that coarse-grained 
galena is poor in silver, whereas fine granular varieties give higher assays; but 
Malaguti and Burocher^ disproved it over sixty years ago. The minerals 
usually associated with galena — such as pyrite, blende, etc. — do not generally 
contain as much silver as the galena. 

Percy^ states that gold is as invariably present in galena as is silver, but it 
does not often occur in appreciable quantities. Nevins" records the occur- 
rence of a galena ore in Sonora with 268.3 oz. Ag and 15.2 oz. Au per ton, in the 
concentrate of which no native gold could be found wnth the microscope. 
Metallographic methods, however, might have discovered it. 

44. Anglesite (PbS04; PbO, 73.6; SO3, 26.4; Pb, 68. 3 per cent.); Cerussite 
(PbCOs; PbO, 83.5; CO2, 16.5; Pb, 77.5 per cent.). — Carbonate ores, using that 
term in a general technical sense as embracing all oxide lead ores, occur often in 
the form of a sand or an earth, bearing the name of sand or soft carbonates. In 

^Smelting of: Ives-Ossa., Eng. Min. 1909, lxxxvii, 891. 

Holin, Met. Chem. Eng., 1910, vm, 686. 

Raymond, Eng. Min. 1915, xcix, 9. 

2 Econ. Geol., 1915, rx, 172. 

^ Ann. Min.j 1850, xvii, 85. 

* “Lead,” 96. 

^ Eng. Min. J.^ 1905, rxxx, 769. 
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other cases the particles of carbonate are cemented together by clay, iron, man- 
ganese, or silicious matter, forming compact amorphous or crystalline lumps 
called hard carbonates. 

The minerals are seldom found as originally deposited; the form and compo- 
sition are more likely to have been caused by chemical changes that have taken 
place since the galena, from which they resulted, was deposited. The sulphate 
usually formed by the oxidation of the sulphide is in most cases the compound 
from which the carbonate has resulted by the action of circulating waters hold- 
ing alkaline or earthy carbonates in solution. 

Anglesite as an ore is rare, as it is not often that galena is exposed only to 
the oxidizing action of air. It often occurs, however, with cerussite and repre- 
sents the transition between the sulphide and the carbonate. This is further 
illustrated by pieces of galena found in carbonate ores, which contain a rind of 
anglesite with a surface changed to cerussite. Thus these two minerals will be 
found always near the outcrops of galena deposits. To what extent the decom- 
position has progressed depends on local circumstances. 

The richness in lead of carbonate ores varies a great deal. If galena alone 
has been oxidized, the ores are likely to be rich; if the decomposing action at- 
tacked also the country rock, this may contaminate the ore to such an extent as 
to reduce the percentage of lead below the limit where it pays to treat the ore. 
The grade of carbonate ore is not so often raised by wet concentration as that of 
galena ore, as the losses in lead, and especially in silver, which passes off in the 
slimes, are almost unavoidable. In some instances the carbonate ore has been 
first leached with sodium hyposulphite to remove as much silver as possible, 
and then the lead concentrated in the wet way to a rich product. This was 
formerly done at the Old Telegraph Mine, Utah. Another method that has 
been tried is Kjrom’s system of dry concentration, the result being a high-grade 
smelting ore, and a tailing and dust, to be treated in the wet way. Table 
13 shows some very pure carbonate ores from Missouri resulting from corres- 
spondingly pure galena, and others from Colorado, contaminated with country 
rock. More recent analyses of carbonate ore are given later. 


Table 13. — Carbonate Lead Ores 


Locality 

Per 

cent. 

.Pb 

Ounces 
Ag per 
ton 

Chenaist 

Reference 

South-Western Missouri. . 

72 


Chauveneti 

Broadhead, " Geological Survey 
of Missouri,” 1874, 710. 

Granby, Mo 

6S 


Williarus 

Tr. A. I. M. E., 1876-77, V, 315. 

Leadville, Colo 

38 

25 

Ricketts 

Tr, A. 1885-86, XIV, 287. 

Leadville, Colo 

21 

65 

Rolker 

Tr. A. I. M. E., i88s-86,xrv, 287. 

Red Mountain, Colo 

17 

128 

Kedzie 

Tr. A. I. M. E., 1887-88, XVI, 581. 


The associated minerals undergo a process of oxidation with the galena and 
are generally foimd again in part in the carbonate ore, although, being more 
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soluble than the lead sulphate, they may have been carried away entirely. 
The silver in oxidized ores is present mostly in the form of chloride (Lead- 
ville chlorobromide, bromide; and Broken Hill iodide) although it also occurs in 
its original form as sulphide and antimonide or arsenide. There is less likelihood 
of a uniform ratio between lead and silver in a carbonate ore than there is in a 
sulphide ore, as lead sulphate and carbonate show a behavior with solvents 
different from that of silver sulphide, chloride, and antimonide. Thus 
enrichment and impoverishment both in lead and silver can be accounted for 
easily. 

45. Other Lead Minerals. — The following six oxide lead minerals occur 
often in carbonate deposits, but not in sufficient amounts to constitute an ore : 

Pyromorphite, PbCla+sPbsPaOs; 76.4 per cent. Pb. Calcium fluoride 
often replaces in part the lead chloride; calcium takes the place of the lead com- 
bined with phosphoric acid; and arsenic acid that of the phosphoric acid. 

Mimetite, PbCl2+3Pb2As208; 69.6 per cent. Pb. In the lead arsenate the 
lead is sometirnes“ifi pafl replaced by calcium, and the arsenic usually in part 
by phosphorus. 

Vanadinite, PbCl24'3Pb2V208; 65 per cent. Pb.^ 

(>ocoite, PbCr04; 63.9 per cent. Pb. 

Wulfenite, PbMo4; 57 per cent. Pb. 

Stolzite, PbW4; 45.4 per cent. Pb. 

There might still be mentioned about 20 lead-bearing sulpharsenites, sul- 
phantimonites, and sulphobismuthites,^ sulphoarsenates, sulphantimonates,® 
etc. which occur in lead deposits, but they are only mineralogical. curiosities.'^ 

46. Lead Ores of the United States. — Lead ores occur in many parts of the 
world. ‘The mines of Spain and Germany furnish the bulk of the European 
product, but it is not the present purpose to deal with that branch of the 
subject. 

The occurrence of lead ores in the United States is best discussed under four 
heads: The Atlantic Coast; the Mississippi Valley; the Rocky Mountains; 
and the Pacific Coast. 

47. Atlantic Coast- — ^The lead ores of the Atlantic coast occur in New York, 
New England, Virginia, North Carolina, and Tennessee. Those of New York 
and New England, which were worked in former times, are practically aban- 
doned now, and those of the Southern States are worked only on a small scale. 
Virginia has some deposits of galena and blende with carbonate and silicate 
of zinc; the lead, however, is subordinate to the zinc. 

^ Treatment: Herrenschmidt, Compt. rend., 1904, cxxxix, 635; Oesierr. Zt. Berg. 
Hiittenw., 1905, riii, 201. 

Larsh, Eng. Min. J., 1911, xcr, 1248; 1913, xcvr, 1103. 

Grider, Min. Sc. Press, 1916, cxm, 389. 

2 Treatment: Bretherton, Eng. Min. J., zgto,uxxKJX, 773. 

® Treatment: Ives-Ossa., Min. J., 1909, nxxxvn, 891. 

Hahn, Met. Chem. Eng., 1910, vin, 686. 

Raymond, Eng. Min. J., 1915, xcix, 9. 

^ Dana, “System of Mineralogy,’* Wiley, New York, 1898, 109-15 1. 
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48. Mississippi Valley. 1 — ^This heading covers two divisions: the lead region 
of the Upper Mississippi Valley and that of Missouri. 

Lead ore is mined in Oklahoma, Kansas, and Kentucky, but the output is 
small. 

Upper Mississippi Valley . — In the southwestern part of Wisconsin occur 
the lead deposits which extend a small distance into the adjoining States of 
Iowa and Illinois. They are principally centered around Mineral Point and 
Platteville, Wis.; Galena, 111 .; and Dubuque, Iowa. Most of the lead produced 
comes from Wisconsin. 

The ore is a non-argentiferous galena; it occurs in wholly undisturbed dolo- 
mitic limestone of the Trenton period in vertical crevices, flat crevices, or as an 
impregnation. The galena mineral”) from the upper beds is pure and rich. 
As depth is gained, the associated minerals marcasite and blende increase in 
quantity and often predominate over the galena. Chalcopyrite is scarce, 
and is found more with pyrite and blende than with galena. Secondary minerals 
are not of frequent occurrence. Calcite and barite occur in the lower beds. 
The absence of nickel, cobalt, and arsenic is to be noted. 

Mines of Missouri ."^ — In both the southeastern and the southwestern dis- 
tricts the ore is a coarsely crystalline galena, practically free from silver. 

In the southeastern district, galena occurs disseminated through strata 
of dolomitic limestone of the Cambrian, lying almost horizontally. The ore as 
mined runs about 3.5 per cent. Pb and is concentrated to a product of 67 per 
cent. Pb. An analysis of a carload of concentrate^ from the Bonne Terre and 
Flat River districts gave Pb 62.10, Cu 0.61, Fe 3.33, CaO 5.85, MgO 3.08, 
Si02 1.39 per cent, and Ag 1.3 oz. per ton. The ratio between CaO and MgO 
appears frequently to be about 2:1. Other analyses have been given in 
Tables ii and 12. 

Associated with the galena occurs pyrite containing nickel and cobalt. 
Chalcopyrite and nickel and cobalt sulphides with traces of arsenic are found 
in the Mine La Motte and Bonne Terre mines. The absence of blende is to 
be noted. The pyrite-bearing galena ores are concentrated separately from 
the pure galena to a product called “sulphide,” which has the composition 
given in Table 14. 


Table 14. — Sulphide Concentrate of Southeastern Missouri 


Locality 

Pb 

Fe 

Ni, Co ■ 

S 

Insol. 

Chemist 

Bonne Terre, 1S84 

Mine La Motte, iS8r . . . 
Mine La Motte, 1881 .. . 

i 21.86 

17-37 

13-34 

16,21 

44-84 

0.61 

4.77 

4.07 

20.37 

3.58 

Setz. 

Neill. 

Neill. 


^Van Hise, C- R., Bain, H. F,, Tr. Insi. Min. Eng., 3901—1902, xxni, 370—434. 
^Winslow, A., Lead and Zinc Deposits,*’ Missouri Geological Survey, Jefferson City, 
1894. 

Finlay, Eng. Min. 1908, lxxxvi, 603. 

® Editor, Eng. Min. J., 1902, Lxxii, 582. 
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The Cambrian dolomitic limestone in which the ores occur contains about 
3 per cent. Si02; the presence of barite is noted in some of the Upper Cambrian 
beds above the normal ore-horizon. 

In the region of southwestern Missouri, which reaches into Kansas, Arkansas, 
and Oklahoma, lead and zinc ores are worked especially around Joplin.^ The 
galena occurs in cherty limestone of the Lower Carboniferous or Mississippian 
period. When broken, it often emits a bituminous odor. It occurs in single 
or loosely aggregated crystals, also in crystalline masses of small dimensions 
im.bedded in the limestone and in the beds of chert, the fragments of which are 
cemented together by a bluish-gray, clayey mass. Cadmium -bearing blende 
occurs plentifully in two forms, a coarsely crystalline and a granular variet}^; 
pyrite is subordinate. To be noted is the absence of chalcopyrite and barite. 
Dolomite and calcite are found with the galena, and often occur in coarsely 
crystalline masses. Concentrates contain from 74 to 85 per cent. Pb; the 
average for 1914—152 was 76—77 per cent. Pb. The analyses of Table 15 by 
Spencer^ show the character of the concentrate shipped to smelting works: 


Table 15. — Galena Concentrate from Southwestern Missouri 



Henrietta 

St. Louis 
and 
Aurora 

Coffman 

Stevenson 
& Wamper 

Magnet 

Ashcroft 


0.114 

0.407 

1.050 

0. Ill 

0. 706 
0.912 

0 . 140 
0.183 

1 .201 

0 . 014 

3-728 

0.922 







0.903 

14.040 

0. 109 , 

3-359 

80.225 

0. 117 

0.34s 

0.396 

0.316 

I- 2 S 7 

14.351 

0.099 

1.045 

77-255 

1 .066 

0 .411 

0.228 

0.184 

0. 208 
13.722 
0.027 
0.482 

S3 . 537 

0 . 640 

0.153 

0.003 

0.002 

s 

13.948 

14-537 

12.364 

As 

Zn 

1 . 748 
81.693 

0.357 

0.238 

3.246 

80.059 

0.294 

0. 260 

5.720 

79-751 

0.251 

0.239 

Pb 

Fe 

1 

AI2O3 

CaO 

CO2 








99-555 

100. 125 

99.849 

99.S24 

99.624 

99.696 


More recent figures are those of Petraeus and Waring,^ who give Pb 78.4 
per cent, as an average of one hundred shipments, and Pb 70-84.4, Fe 2.24, 
and Zn 1.78 per cent, as an average of fourteen shipments. 

49. Rocky Mountains. — To this division belong the occurrences of argentif- 
erous lead ores in Colorado, Montana, and New Mexico. 

1 Smith, W. S. T., Bull. 213, U. S. Geol. Survey, 1903, 217. 

2 Waring, J. W., JPriv. Com., October, 1915. 

3 Bull. Missouri Mining Club, x, No. i, 30; No. 2, 51. 

^ Eng, Min. J ., 1905, lxxx, 721. 
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Colorado . — The deposits of argentiferous lead ores of Colorado used to be 
the most important of the country, but the production of the State has fallen 
off greatly, furnishing in 1915 only 32,000 tons of lead. 

The San Juan region, situated in the southwestern part of the State, is 
characterized by immense quartz veins traversing older and younger eruptive 
rocks. In the neighborhood of Rico (Dolores County) occur silver lead ores 
mainly in the form of blankets between carboniferous limpstone and eruptive 
rocks; in the Red Mountain district (Ouray County) deposits are found filling 
cavities in silicified andesite. The minerals are argentiferous galena, silver- 
bearing tetrahedrite, pyrargyrite, and native silver; bismuth-silver minerals 
are frequent; small amounts of gold are found; blende occurs in considerable 
quantity. The gangue is quartz with kaolinite and rhodocrosite ; barite is 
common; fluorite also occurs. In the blanket deposits of Rico oxides of iron 
and manganese are prominent. Near the outcrops the ores are often completely 
changed into sand carbonates. In 1914 Dolores County furnished about 250 
tons lead, and Ouray County 1,055; in the latter the Sneffels district is the 
leading producer. 

Lake County. — This is still one of the important lead producers of the State, 
having furnished in 1914 over 5,000 tons of lead. Of the deposits in sedimentary 
rocks those of Leadville are still in the lead. The principal ore used to be 
argentiferous galena with its secondary products of decomposition — anglesite, 
cerussite, and pyromorphite. The accessory minerals were blende and its 
secondary products, carbonate and silicate of zinc. The gangue consisted of 
silica, free and combined, iron and manganese, and various clays charged with 
the same metals. Such ores are still mined, but form only 6 per cent, of the 
product of the district. Of the oxide ores there prevail silicate and carbonate 
of zinc to an extent of 21 per cent. Sulphide ores, encountered with increase 
of depth of mine, form at present 58 per cent, of the product; of these, 21 per 
cent, are blende with pyrite and some galena, and 37 per cent, pyrite with lead 
and some copper. 

Chaffee County. — This used to be an important producer of oxide silver- 
lead ores occurring in limestone. The lead produced in 1914 amounted to 700 
tons which cam'e mainly from mines working sulphide ore, although some car- 
bonate is still produced. Of the sulphide ore, some is galena ; the bulk, however, 
is a mixture of blende, galena, P5n:ite, and chalcopyrite. The Chalk Creek and 
Monarch districts contain the principal mines. 

Pitkin County. — The leading district ds that of Aspen which came into 
prominence in 1884. The ores occur in the same geological horizon as the 
Leadville deposits, but are not found at the contact of limestone and eruptive 
rock; they occur in the highly folded and faulted limestone as impregnations 
of fine-grained argentiferous galena in limestone along fault fissures. The 
district in 1914 produced 12,000 tons of lead; this came mainly from sulphide 
concentrates, as the ore when mined contains g-io per cent. Pb and 3 .0Z. Ag 
per ton present mainly as polybasite. Associated with lead are zinc minerals. 
Table 1 6 gives analyses of some Colorado ores delivered at present to smelteries. 
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Table i6. — Ore Shipments from Colorado 


Locality 

Ounces 
per ton 

Au 

Ag 

San Juan region 

0.26 

28.1 

San Juan region 

0. 70 

2.7 

San Miguel region 

1.49 

29.9 

San Miguel region 

10.04 

28.6 

Lake County 

0.02 

5.0 

Lake County 

0.31 

3-7 

Lake County 

0.06 

8.0 

Lake County 

0.51 

7-4 

Chaffee County 

2.38 

10.6 

Chaffee County 

O.OI 

1.8 

Pitkin County 


7-6 

Pitkin County 


4-0 


Per cent. 


Pb 


Cu 

Zn 

0.9 

1.4 

7.2 

8.1 

0.9 


0. 1 

1.3 

0. 1 



14.9 

0.6 

6.9 

0.3 

1.9 

0. 1 

5-0 

0-5 

2.6 


SiOg 


Fe 

(Mn) 


BaS 04 


37. ij 

7.61 
10. 5 

10. 1 
28. 9I 

23 

9-4 

18.8 

54.2 

9-3 

14.2 


9 .o| 

25.7 

n.d. 

n.d. 

0.02 

0,71 

0. 61 

1. d. 
n.d. 

o-sj 

2.2 

8.3 


48.8 
20.0 
39-8 

1 . 2 

12.9 

48 

4-3 

i.8| 

10,7 


40. 1 

16.3 

26.4 
0.8 

II .6 

37.9 

41.61 


r -5 

9-61 

10. 1 
9 


4.2 

22.3 
20 .9: 
13 .61 

24-3 
IS -2 
18 .oj 
23-5 
10 . 8 

41 .4 
4.0 
3-7 


0.6 

0-3 

o.S 


I 7 . 7 | 

13 


Montana . — The argentiferous lead ores of Montana are insignficant in 
comparison with those coming from the great copper deposits. The production 
of lead in 1914 was nearly 5,000 tons; of this, 56 per cent, came from the mines 
in Silver Bow, 10 per cent, from Cascade, and 9 per cent, from Lewis and Clark 
Counties. The ore, occurring as replacement veins in gneiss and igneous rocks, 
is a mixture of silver-bearing galena and blende, which has to be concentrated. 
Lead concentrates of 1914 shipped to smelteries averaged 16.27 per cent. Pb, 
and lead-copper concentrates 23.26 per cent. Pb; the blende concentrate aver- 
aged 2.43 per cent. Pb. 

New Mexico . — The lead production of this State appears to be decreasing, 
having fallen from 1,980 tons in 1913 to 886 in 1914. The Magdalena, Grant 
and Cooks districts are the leading producers. The deposits of Magdalena 
Mountains occur in Paleozoic limestone which has been cut by granite por- 
phyry dikes; the oxidized zones contain lead, silver, and zinc; the unaltered zone 
much blende with some galena and chalcopyrite. The deposits of the Grant 
and the Cooks districts form fissure veins in porphyry and granite. Table 17 
gives analyses of some ore shipments. 


Table 17. — Ore Shirmenxs from New Mexico 


Ounces per ton 


Per cent. 


Ag 

Pb 

Cu 

Zn 

S 

Insol. 

SiOa 

Mn 

Fe 

CaO 

6.2 









24.1 

12.8 

6.6 

2.1 

2.7 


34-0 

II. 8 

3-6 

5 ■ 7 

40.0 


1 . 2 

0.2 


28 . 2 

4.0 

0.6 

3-2 

24.2 1 

1-2 

5-3 

0.8 


32. s 

II .8 

0.8 

4.8 

26.0 



1.9 

1.8 

35 -4 

30.0 

12.6 

1.0 


Au 
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50. The Pacific Coast.— The argentiferous lead ores under this heading 
occur in Nevada, Utah, Idaho, Arizona, and California. 

Nevada.— T}i& production of argentiferous lead in Nevada has greatly dimin- 
ished, amounting in igi6 to 112,000 tons. The ore used to come from the Rich- 
mond and Eureka Consolidated mines in the Eureka district, which at present 
furnishes only about 100 tons lead. The leading mines are situated in Lincoln, 
Clark, and White Pine Counties with 54, 38, and 8 per cent, of the State’s 
product; the deposits form veins in quartzite, limestone, and slate. In Lincoln 
County the Pioche district is the most important, the ores are carbonate and 
sulphide; in Clark County the Yellow Pine district furnishes zinc-lead sulphides 
to concentrating plants; in White Pine County the small amounts of lead ore 
come mainly from the Cherry Creek district, with mines in the neighborhood 
of the smelter town McGill. The ore is mainly sulphide, only slightly altered 
to anglesite and cerussite. Table 18 gives analyses of lead ore shipments. 


Table 18. — Ore Shipments from Nevada 


Ounces per ton 





Per cent. 




Au 

Ag 

Pb 

Cu 

Zn 

1 S 

1 Si02 

.Fe 

1 Mn 

CaO 

j Speiss 

0 . 005 

0 . 00s 
0.005 

tr. 




1 . 8 


1 II. 8 

9 S 

34.7 

23-7 

8.8‘ 

12.7 

2 • S 

1 


2 . g 

0.0 , 

1 

39 -S 

Q *7 

3-43 

tr. 

4.64 

tr. 

tr. 

7 . 2 

1 0 . 4 - 

0 . ^ 

20. Q 
3.8 

36 

12. s 

j 

15.6 

35-7 



0.4 

13-3 


5 ■ 2 

1 5-7 

17- 

y • / 





Utah . — The lead production of this State is of great importance, having 
attained in 1914 the large figure of 86,000 tons. The argentiferous lead deposits 
form more or less regular bodies in limestone or at the contact of limestone 
and eruptive rock. The ores are carbonate with anglesite strongly prevailing; 
the secondary minerals extend downward to considerable depths; small amounts 
of galena occur. Many of the niines have been worked down to the sulphide 
zone. The leading mines of the State are in the Bingham or West Mountain 
district. The ores form an irregularly mineralized zone between limestone and 
quartzite, and sometimes porphyry. The limestone and porphyry are more 
or less decomposed near the deposits. The lead ore is carbonate containing 
more or less silver, ferruginous clay, and some galena. The siliceous ore is 
an oxidized siliceous pyrite. With increase of depth, the ores of the district 
have changed to sulphide, and most of them must be concentrated. 

In the Tintic district occur, as replacement deposits in limestone, heavy 
galena and carbonate which change into silicious ore running high in lead and 
copper; most of them go direct to smelteries. 

The Park City region of Summit county has oxide and sulphide lead ores 
as fissures penetrating folded and faulted limestone, quartzite, and shales; 
the larger part of the production comes from beds in limestone. Most of the 
ores have to be enriched by concentration. 
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Tooele County, with the Ophir and Rush Valley districts, is prominent 
producers of oxide and sulphide lead ore in the ratio of 3 : r. 

• In Beaver County is the celebrated Horn Silver mine which is still a producer. 
The ore, sulphide with some carbonate, comes mainly from replacement deposits 
in limestone, some from contact deposits. 

Table 19 gives analyses of ore received by smelteries. 


District 


T.vble 19. — Ore Shipments prom Utah 


Ounces 
per ton 


Per cent. 


Au 


Bingham 14 3. 

Bingham 23 8. 

Bingham 049 3.6 

Bingham 166 8.7 

Little Cottonwood. 03 14.6 

Ophir 005 

Park City 0.048 [3 1.3 

Tintic 0.15617.5 

Tin tic tr. 22.8 

Tintic tr. 4.2 

Tintic o.io 34.7 

Tintic 0.0S514 

Tintic 0.05 25.2 


Pb 

Cu 

Zn 

s i 

Insol. 

Si02 

Fe 

4 - 4 |o.Sr 

3 

7 19-2 




15-6 

17. 1 

0.4 

4 

8 

37. Sj 



5-2 

29. 2 

I 3 - 3 !o .6 

3 

8 

20.8 

30 

6 


16.3 

I 4 -S 


7 

8 

24. 6| 

23 

4 


17.4 

6.6 

2-33 

4 

4 

0-5 



28.6 

9-3 

10.9 


6 

5 17.0 

22 

5 


16. 7 

19.7 


12 

° 

13-9 

31 

0 


8. 10 


0. 1 

5 

5 


53 - 

8 


5-3 

18.0I0.4 

4 

0 

2 . 1 



40.6 

2.7 

32.0 

tr. 

7 

2 

3-2 



30.0 

2.1 

13 -I 


2 

8 

0.7 



65 • 2 

7-1 

18.4 

tr. 

4 

5 

0.7 



52.6 

14.0 

Oo 

k 

0 



1-7 



58.7 

12.6 


CaO I Speiss 


.4 


Idaho . — The argentiferous lead ores are the most important of the country, 
the State having produced 170,000 tons of lead in 1916. The mines worked at 
present lie in four districts, the Coeur d’Alene (Shoshone County), the Texas 
(Lemhi County), the Birch Creek (Fremont County), and the Mineral Hill 
(Blaine County). The deposits of Coeur d’Alene are fissure veins of varying 


Table 20. — Coeur d’Alene Lead-silver Ores’- 


^ Mine 

Ore 

Concentration 

ratio 

Concentrates 

Pb, per 
cent. 

Ag, ounces 
per ton 

Pb, per 
cent. 

Ag, ounces 
per ton 

Bunker Hill and Sullivan. . 

13-5 

3-9 

4-5:1 

55 

20 

Gold Hunter 

3 to 5 

4 

ii:x 

‘ 50 

40 

Hecla 

9-2 

S.8 

S-S:i 

SO 

30 

Helena 

9.2 • 

5-8 

S-S:i 1 

47 

28 

Hercules 

15 

3 to 10 

4:1 

SO 

45 

Last Chance 

10 

4 

S:x 

SO 

20 

Morning 

8 

3 

7:1 

SO 

16 

Standard-Mammoth 

6 

S 

8.5:1 

' SO 

41 


^ Rowe. Min. Worlds tgdg, Xxs:,; 428. 
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thickness in Algonkian sedimentary rocks, such as quartzite, shale, and schist, 
which have been much folded. The ore is galena and galena-blende in the ratio 
of 3 : 1, and has to be concentrated. The average assay of the lead ores shows 
9 per cent. Pb and 4 oz. Ag per ton, of the lead-zinc ores 6.5 per cent. Pb and 
6 oz. Ag per ton; the lead concentrates shipped to smelters average 52.46 per 
cent. Pb and 29.19 oz. Ag per ton. 

Table 20 gives the tenor in Pb and Ag of ores as mined, the rate of concen- 
tration, and the values of Pb and Ag of the concentrates, of some of the leading 
mines. 

Table 21 gives analyses of some concentrates received by smelteries in 1916. 


Table 21. — Ore Shipments from Coeijr d’Alene, Idaho 


Ounces per ton 


Au 


0.004 


0.005 

0.03 

0.004 

tr. 


0.009 

0.03 


Ag 

Pb 

Cu 

Zn 

S 

Insol. 

29.72 

49 

5 


2.50 

9.60 

21 . 10 

38. 68 

46 

7 


0.80 

8.20 

23.20 

19.88 

50 

5 


2.40 

11.26 

28.10 



5 

0.25 




29 . 72 

49 

5 

2.50 

9.60 

21 . 10 

35-00 

45 

0 

0.50 

5-50 

12.50 


20.3 

60 

4 



0.90 

10.30 

4.0 

13-0 

35 

9 


3.20 

8.2 

20.4 

20.4 

51 

^ 1 


2.60 

10.9 

1 7.6 

33-5 

00 

9 

0.09 

3.10 

II. 5 

15-4 

17.26 

37 

2 


9.90 

13 -10 

17.10 

21.20 

55 

0 

0 

0 

7-30 

14.60 


25.00 

37 

0 

0.20 

10.50 

13.00 


24.8 

,56 

7 


6.30 

10.6 

3-9 


SiOs 


Fe 


6.90 
8.50 
4.30 
13-50 
6.90 

17.00 

9.80 
14.2 
XI. 2 

8.0 

10.90 

8.80 

16.00 
8.10 


Mn 


4.0 


0-5 

0.4 

0.3 

0.2 

0.7 


0.2 

0.5 


AhOs 


Arizona and California . — The product of Arizona in 1916 was 15,000 tons. 
The leading district is the Warren or Bisbee (Cochise County). The ores are 
mainly sulphide. Th^ average assay of the ore shipped in 1914 was Pb 18.57, 
Cu 0.03 per cent.; Ag 13.92, Au 0.08 oz. per ton. 

The product of California in 1916 was a little over 3600 tons lead. Most of 
the lead came from Inyo county, some from Shasta County. 

51. Purchasing Lead-Silver Ores.^ — The treatment of a lead-silver ore is 
both -a metallurgical and commercial operation; hence the process used and the 
1 Kirchoff, Min. Res. Z 7 . 5 ., 1885, 281. 

Furman, School Min. Quart., 1893—94, xv, i, 

Austin, Eng. Min. J., 1907, Lxxxm, 226; Min. Sc. Press, 1914, lix, 170. 

Barbour, Eng. Min. J., i9ii,xcii, 364. 

Caetani, Min. Sc. Press, 1913, cvi, 684, 724; Min. Ini., 1913, xxii, 877. 

Turnbull, op, cit,, 1916, cxm, 133. 

Fulton, C. R., ‘‘The Buying and Selling of Ores and Metallurgical Products,” Technical 
Paper 83, Bureau of Mines, 1915;, 

“Report of Smelter and Ore Sales Investigation Committee, State of Colorado, 1917.” 



LEAD ORES 


61 


manner of carrying it out must be not only correct physically and chemically, 
but the result obtained must make an adequate return in recovery. The price 
paid a mine operator for a lead ore will have to cover at least the value of the 
net yield of metal, the total cost of treatment, and the profit it is desired 
to make. This total cost of treatment includes the net cost, the cost of trans- 
portation of metal to the refiner, the cost of refining, the selling expense, and the 
transportation of refined metals to the consumer. There must also be made a 
deduction from the market quotation of the metal in the price paid for the 
metal in order to furnish a protection against loss from the variation of 
market prices in’ the large stocks that have to be carried in the form of ore, and 
intermediary or finished product. 

In purchasing, the character of lead-bearing mineral and the composition 
of the gangue have to be considered as well as the quantity of ore that is offered. 
If the lead mineral is a sulphide, the ore generally will have to be roasted or 
blastroasted ; if it is a carbonate, this is not necessary. The gangue may be 
either seff-fluxing, acid or basic, i.e., require no fluxes, require a base 
(FeO, MnO, CaO), or require an acid (Si 02 ) to form a desirable slag. Most 
ores are silicious, hence basic ores are likely to command a higher price 
than acid. In purchasing basic ores, the base paid for is Fe with its 
substitute Mn; often CaO also receives some consideration. The so-called 
“base excess” is that amount of available Fe and Mn which is obtained by 
adding the percentage of Fe to that of Mn, and deducting the SiOz, or Fe- 4 - 
Mn“-Si 02 =Base Excess. 

The impurities in an ore affect its price. They may necessitate a prelimi- 
nary roasting (S, As), may impair the fusibility of the slag (ZnO, MgO, 
A 1 203)5 or may cause loss of Pb and Ag by slagging or volatilization (Zn, As, 
Sb), or finally may render the lead impure (Zn, As, Sb, Cu). The price paid 
for an ore will therefore be in inverse ratio to the percentage of impurities 
present. 

The quantity of ore offered at a time will influence the price that can be paid, 
as the larger the amount, the lower is the general and the special cost, provided 
of course that the quantity offered is not excessive.. 

A smeltery located in a railroad center draws its supplies from a number of 
mining districts and can work more cheaply than one which has been erected 
in a mining district furnishing only a single class of ore. Such a central plant 
treats not only argentiferous lead ores, but extracts the precious metal also from 
real silver ores, called dry ores on account of their lack of lead, by mixing them 
with ores that contain more lead than is required for the charge. Smelting can 
thus often compete with milling on account of the higher percentage of precious 
metal extracted from the ore. 

In bidding for an ore, deductions are made for actual and possible loss, 
and for the total cost of smelting, which will vary with the causes mentioned. 

The value of lead is given in per cent, or, what is the same, in units of 20 lb. 
to the ton of 2000 lb. The percentage is determined by the dry or w^t 
assay. As the latter gives figures which are ixow per cent, higher than 
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the former, a deduction of this amount is sometimes made from the wet assay 
to arrive at the dry assay, which is the basis of settlement. In Utah a combina- 
tion method is in use which determines in the wet way the lead-content of the 
button. Assays ought to agree within 0.5-1.0 per cent. The prices paid' are 
regulated not simply by the fluctuation of the market, but also largely by the 
scarcity or abundance of available lead ore at the works. No payment is made 
for lead if present in amounts of less than 5 per cent. 

There are in operation three methods for the payment of lead ores.^ 

I. Payment by the unit and quotation, a system customary in Colorado. The 
method is based upon what is called a “quotation” of $4.00 fJer 100 lb. lead. 
The “quotation” is not the sales price in New York, but is figured from the 
latter. In making a settlement there is added or deducted i ct. per unit for 
every rise or fall of 5 cts. in the quotation. 

If the sales price in New York is $4-oo, the quotation is 90 per cent, of this 
price, or $3.60. If the sales price in New York lies between $4.00 and I4.50, 
the quotation is obtained by adding to $3.60 one-half of the excess of the sales 
price over $4.00. Supposing the sales price in New York to be $4.30 per 100 
lb., the quotation will be $3. 60+3”^ ($4.30— $4.00) = $3.75. If the sales price 
in New York is higher than $4.50, the quotation is obtained by adding to 
$3.60 one-half of the excess of the sales price between $4.00 and $4.50, and all 
of the excess above $4.50. Supposing the sales price in New York to be $5.00 
per 100 lb., the quotation will be $3. do+M (^4-5o — $4-oo) + (IS-oo — 1)4.50) 
= $4*3 5* 

In Table 22 are given the amounts paid per unit of lead in ore on the basis 
of a $4.00 quotation. 


Table 22. — Payment eor Lead in Ore on Basis of $4.00 Quotation 


Lead content, dry assay, 
per cent. 

Price per unit 

Lead content, dry assay, 
per cent. 

Price per unit 

5-10 

$0.35 

25-30 

'ISo . 49 

10-15 

0.40 

30-35 

0.51 

15-20 

* 0-45 

over 35 

0.51 

20—25 

0.47 




In ascertaining the value of lead in an ore containing 35 per cent. Pb, with 
the sales price in New York of $4.30 per 100 lb., we start with the price per unit 
in the table, which is $0.51. Prom this item have to be deducted as many cents 
as there are s-ct. units in the difference between $4.00 and the calculated 
quotation of $3.75* This difference is 25, or five 5-ct. units, hence a deduction 
of 5 cts. per unit is made from I0.51, the figure of the table, which leaves $0.46 
to be paid per unit. The amount to be paid per unit of lead for the same ore, 
with the sales price in New York of $5.00 per 100 lb., is with the quotation 
figures above: $o.5i-fM (14-35 “^^4.oo) = $0.58. 


^ Fulton, op. cU., 23. 



LEAD ORES 


63 


2. Payment for go per cent, of the lead content at the sales price, with a deduc- 
ion per pound, a system customary in Utah. The sales price is the average 

New York pi ice for the week preceding the day of the transaction; the deduc- 
tion is 1.5 cts. per lb. if the combination assay shows less than 25 per cent. Pb; 
it is 1.25 cts. if the assay gives more than this. An ore contains 36.5 per cent. 
Pb wet (or 35 per cent, by the combination assay); the sales price in New York 
is $ 4 - 3 ® The payment for the lead-content of a ton is go per cent, 

of 700 lb. at the rate of 4.30 minus 1.25 cts. or 3.05 cts., which equals $19.21. 
In reality the ore assaying 36.5 per cent. Pb contains 730 lb. lead, which at the 
rate of 4.3 cts. per pound has a gross value of $31. 3g, The difference between 
this and the amount received is $12.18. 

3. Payment j or go per cent, of the lead content at go— g5 per cent, of the sales 

price, a system common with Idaho and Mississippi Valley ores. A ton of ore 
with 36.5 per cent. Pb wet or 35.0 per cent. Pb dry and a sales price in New York 
of $ 4 - 3 '^' will bring go per cent, of 700 lb. lead at 90 per cent, of 
^ 4 - 3 ® '$24. 38. The gross value based on the wet assay w'ould 

be ^$3I.3g. 

The payments made under the three methods for an ore containing 35 per 
cent. Pb dry with a sales price in New York of $4.30 per 100 lb. have given the 
values $15. 2g, $12.18, and $7.01; the treatment charges correct the discrep- 
ancies so that the miner receives about the same money by whatever method the 
lead may have been valued. 

In some plants the treatment-charge is expressed in an additional deduction 
of 1.25 cts. per lb. lead instead of in a given number of dollars per ton. This 
amounts to $25.00 a ton. Austin^ calculates that for Salt Lake City the total 
treatment including freight, refining, etc. is $18.00 per ton of lead.^ 

The value of copper is given in per cent.; assays should agree to 0.25-0.50 
per cent. The amount is usually computed as being i. 0-1.3 per cent, less than 
the wet assay ; hence no payment is made for ores assaying less than 1.3 per cent. 
The price paid is that of the average New York quotation of electrolytic copper 
for the week previous to the day of the transaction, less 4.5-5 cts. per lb. to 
cover the cost of freight and refining. 

The value for silver and gold is given in ounces troy per ton of 2000 lb. 
Assays for Ag are required to check within o.s-i.o oz. per ton, and of Au 
within 0.01-0.03 oz. The price paid for silver is 95 per cent, of the New York 
quotation, the deduction of 5 per cent, being intended to cover the loss in 
smelting; no payment is made if the ore contains less than i oz. per ton. 
Gold is paid for at $ig.oo-$2o.oo per oz.; no payment is made for less than 
0.03-0.05 oz. per ton. The standard value of gold is $20,67 P®^ ounce. A 
smeltery receives $20.40 from the refinery, 

There are various ways of arriving at the minimum smelting charge for an 
ore that is offered for purchase. One of them is to base the cost of smelting 
on what is called a neutral ore, and then to debit and credit the actual ore, for 

^ Min. Sc. Press, 1914, erx, 170. 

® As refiners have since raised their charges this figure is $20.00 to 
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which the smelting charge is to be fixed, as it differs in composition from the 
standard. This so-called neutral ore or neutral schedule varies with the districts 
and differs sometimes in the same locality. Thus Furman^ gave it in 1893-94 
for Denver, Colorado, as consisting of Si 02 30, Fe. 30, Pb 13, Zn,8, S 5 per cent., 
crediting for Fe, CaO and to some extent for MgO+BaO, and debiting for 
Si02. Austin^ gave in 1914 for Utah the slag-composition Si02 33, FeO 33, 
CaO 20, ZnO 8 per cent, as the basis of calculation. A third and more general 
statement is to define a neutral ore as one in which the Insoluble Residue is 
equal to the sum of Fe and Mn it contains, and to make varying rates for Fe, 
CaO, MgO, BaO, ZnO, AI2O3, S, and As. At present some smelteries have 
abandoned, at least in their dealings with mine operators, the idea of a neutral 
ore; they give credits for Fe, Mn, CaO, debits for Insol. (Si02), S, Zn, As, Sb, Bi, 
and make supplementary charges for bricking and treatment. Following 
the last conception there are in operation at present the following scales of 
prices. 

Iron is paid for at the rate of 5-10 cts. per unit, assays agreeing to within 

1 per cent. 

Lime is paid for at the rate of 2-5 cts. per unit; usually no payment is made 
unless there is present a considerable amount of CaO, say 10 per cent, and over; 
assays are required to agree within i per cent. 

Insoluble is charged for at the rate of 10-12 cts. per unit; assays agreeing 
within 1-2 per cent. 

Zinc has no charge against it as long as the amount present does not exceed 
5 per cent., in some cases 10 per cent.; any excess is charged for at the rate of 
30-50 cts. a unit; assays must agree within i per cent. 

Sulphur is charged for at the rate of 20-25 cts. a unit to a maximum of 
$3.00 per ton of ore, the assumption being that this figure covers the cost of 
roasting an ore with 12 per cent. S and over; sometimes there is no penalty for 

2 per cent. S. 

Arsenic . — This is usually figured as speiss; up to 5 per cent, speiss there is 
no charge; any excess over this figure is charged at the rate of 20 cts. a unit. 
Some smelteries figure on As as such and charge 5 cts. per unit in excess of i 
per cent. 

The basic charge for treatment is $1.00 per ton for an ore with 30 per cent. 
Pb; a credit of 5-10 cts. a unit is allowed for every unit in excess of 30 per cent., 
and debit of 10 cts. made for every unit below 30 per cent. This treatment 
charge is below cost, but is made up by not giving full price for lead. The 
rationale of these treatment charges, is given by Austin.® 

The following example will illustrate the manner in which ores are usually 
paid for at present. The chemical analysis shows : 

Insol. 40, Fe 10, CaO 5, Pb 20, Cu 3, Zn 8, S 5 per cent.; Ag 50 and Au i 
oz. per ton. The credits and debits will give the net value per ton. 

Loc. cit. 

® Loc. cit. 

^ Min. Sc. PresSf 1914, cdc, 170. 
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Credits 

Au, I oz. @ $19 . 00 per oz 

Ag, 50 oz. @ 95 per cent. @ $0 . 50 per oz 

Pb, 20 per cent, (wet assay) minus 1.5 units =18.5 per cent. =370 lb. 

370 lb. 90 per cent. =333 lb. @ (5. 0-1.5 cts.) = 

Cu. 3 per cent, minus i unit =2 per cent.' =40 lb.; 

40 lb. @ (17-5 cts.) == 

Fe, 10 per cent. @ 6 cts. per unit = 

CaO, 5 per cent. @ 2 cts. per unit = 


11.66 

4.80 
0.60 
o. 10 


Total credit 


$ 59-91 


Debits Per ton 

Treatment $1.00^ 

Lead, 30-20 = 10 per cent. @ 8 cts. per unit o.So 

Insoluble, 40 per cent. @12 cts. per unit 4.80 

Sulphur, 5-2 (free) =3 per cent. 25 cts 0.75 

Zinc, 8-5 (free) =3 per cent. @ 30 cts 0.90 


Total debit $8.25 

Net to owner, $59.91-18.25= $51.66 


52. Purchasing Non-argentiferous Ores.^ — In the Mississippi Valley lead 
concentrates used not to be sold and bought, at least officially, by assay but 
on a ‘'flat” basis. The representative of the smeltery, the “buyer,” went to 
the different mines, and, guided by previous experience in purchasing from the 
same mine, offered a certain amount per ton. This has been changed. In 
southwestern Missouri ores are sold on a market basis after they have been 
sampled® and their lead-contents determined by wet assay. The unit quantity 
of lead concentrate is i ,000 lb. and not the usual ton of 2,000 lb. Lead ores are 
paid for^ at the price fixed in St. Louis once a week, usually Thursdays, for ore 
assaying 80 per cent. Pb wet; there is made a deduction of So. 50 a unit for 
every per cent, of lead below the 80-per cent, standard, there is paid a premium 
of $0.50 a unit for every per cent, in excess of it. Suppose a galena concentrate 
contains according to the seller’s assay 75.30 per cent. Pb, and to the buyer’s 
75 per cent. The results are averaged, giving 75.15 per cent. Let the basic 
price for 80 per cent, be $25.00 per 1,000 lb. The difference, 80.00 — 75.15 
= 4.85, multiplied by $0.50 = 12.43, is deducted from S25.00, andfurnishes the 
price of $22.57 to be paid for 1,000 lb. 

In southeast Missouri lead ores are sold by yearly contracts on a metal 
basis and not on a market basis as in southwestern Missouri. In Wisconsin® 

^ Since the heavy increase in New York quotations, this charge has been temporarily 
increased to $2.50 in many instances. 

2 Clerc, Eng. Min. 1885, xl, 4. 

Blake, Tr. A. I. M. E., 1893, xxn, 564. 

Spencer, Bull. Mo. Mining Club, x, 1886, No. 2, p. 51. 

Finlay, Eng. Min. J., 1908, ixxxvi, 606. 

3 Editor, Eng. Min. J., 19x4., xcvm, 900. 

* Waring, W. G., Priv. comm., November, 1915. 

® Wittich, Eng. Min. 1915, c, 24. 
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the manner of selling lead ores is similar to that of southwestern Missouri, 
Kansas and Oklahoma. 

S3. Metallurgical Treatment in General.— Metallic lead is extracted from 
its ores exclusively by smelting in carbon-heated furnaces. Electric furnaces 
have been proposed, especially for zinc-lead sulphides, but have not as yet come 
into use. Volatilization methods have been suggested.^ 

If the ores are free from silver, as, e.g., in the Mississippi Valley, the re- 
sulting lead usually goes to market after it has been in part purified by 
liquating and poling. In a few instances, such lead is desilverized by the 
Parkes process, as the amount of impurity present is considerably reduced, 
and the higher price paid for the better grade of lead and the small amount 
of silver recovered make the operation profitable. In 1914“ 15 per cent, of 
the lead from southeastern Missouri was desilverized. If the ore is argentifer- 
ous, the silver passes for the most part into the lead (lead l 3 ullion) which is 
then desilverized (Chapter X). 

Wet and electrolytic methods have found no general application. Wet 
methods may b$ suited to complex zinc-lead ores when mechanical concen- 
tration has proved a failure in separating blende from galena.'* The object of 
the various processes- is to render the zinc soluble and furnish a lead-residue 
which can be smelted satisfactorily as well as a zinc solution for the recovery of 
metal. Processes of this character belong to the metallurgy of zinc rather 
than to that of lead. 

Of the numerous electrolytic processes proposed, only one, that of Salom,^ 
has been in successful operation; it produced spongy lead to be used in storage 
batteries. 

The smelting of lead ores is carried on in three types of furnaces, the rever- 
beratory, the ore-hearth, and the blast furnace. Of these the first has become 
almost obsolete; the ore-hearth in recent years has become of considerable 
importance with a limited class of ores; the blast furnace is the leading apparatus, 
as it can treat quickly and economically all kinds of ores in large quantities. 

^ Wells, Min. Sc. Press, 1917, cxiv, 507. 

Ralston- Williams-Vdy- Holt, Bull, A. I. M. E., August, 1917, p. 1205. 

Larson, Min. Sc. Press, 1917, cxv, 275 (Bunker Hill). 

^ Min. Res. XJ. S. Geol. Survey, 1914, i, 100. 

^ Met. Chem. Eng., 1916, xiv, 31. 

* Rickards, Ekctrochem. Ind., 1902-03, i, 18, 

Salom, Tr. Am. Electrochem. Soc., 1902, i, 87. 
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SMELTING LEAD ORES IN THE REVERBERATORY FURNACE 

54* Introduction. Smelting sulphide lead ores in the reverberatory furnace 
was very common until within the last few years, especially in England, Bel- 
gium^ and Austria,^ where suitable galena concentrates are available. Since the 
advent of blastroasting with subsequent blast furnace smelting, reverberatory 
work has become nearly obsolete. In the United States^ there were in operation 
in Missouri in 1877 fifty-six reverberatory furnaces, and in 1914 only four. The 
furnace is doing very satisfactory work in the smelting of cyanide residues by 
the Taverner process. ^ This subject belongs, however, to the metallurgy of gold 
and silver, and is not treated here. 

The discussion of reverberatory work on ores has been retained, wdth slight 
modifications, in the present edition, as the practice covers many metallurgical 
considerations of general interest and of direct value to the refiner of lead 
bullion in the working of his intermediary products. 

55. Outline. — The process carried on in the reverberatory furnace is the 
Roasting and Reaction or Air Reduction Process which, as shown in §41, is based 
upon the interaction of PbS, PbO, and PbS04 at temperatures belovr 1,000° C. 
which sets free Pb and SO2. Formerly the so-called Precipitation Process^ 
based upon the decomposition of PbS by Fe (§39) was in operation with raw 
ores at Vienne and Pouilaouen, France,^ and Chicago;® also with roasted ores 
at Par and Point, Cornwall.'^ This practice has been given up on account of the 
high cost and the large loss of metal. 

The roasting and reaction process in the reverberatory furnace requires two 
operations, one following closely upon the other, and both being repeated 
several times. 

1 Min. Ind.y 1901, x, 424. 

2 Op. cii., 1906, XV, 533. 

sPiilsifer, Min. Eng. World, 1914, XL, 1148. 

* Taverner, J. Chem. Met. Soc. S. Africa, 1902-03, m, 70, 103, 121, 134-, Eng. Min. 1903, 
Lxx, 75, 184. 

Carter, op. cit., 150. 

Clevenger, Tr. A. I. M. E., 1904, xxxiv, 891. 

Rusden, J. Chem. Met. Min. Soc. S. Africa, 1905, v, 288; Eng. Min. J ., 1905, lxxx, 688. 

Swinney, Tr. Inst. Min. Met., 1906-07, xvi, 151; Eng. Min. J., 1907, ixxxvm, 608. 

McGraw, op. cit., 1912, xciv, 840; 1914, xcvn, 606, 

Clark- Shar wood, Tr. Inst. Min. Met., 1912-13, xxn, 132. 

Clark, Tr. A. I. M. E., 1915, lh, 3. 

6 Kerl, B., “ Grundriss der Metallhiittenkunde,” Felix, Leipsic, 1881, p. 24. 

« Jernegan, Tr. A. I. M. E., 1873-74, n, 279. 

^ Percy, “Lead,” 257. . . 
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1, Oxidation . — The ore, crushed fine enough to pass a 4- or 5 -mesh sieve, 
is spread in a layer 3-4 in. deep over the hearth of the furnace and is heated 
gradually to a dull-red heat (500*" to 600° C.) . The roasting is carried on in such 
a way that only a part of the PbS is converted into PbO and PbS04, the rest 
remaining undecomposed. The temperature at which this roasting is carried 
on and the time given to it depend on the character of the ore. Pure galena 
requires a low temperature to avoid agglommeration; if pyrite, blende, or calcite 
are present the roasting can be accelerated; the lower the temperature, the 
more sulphate will be formed. During the operation the fire on the grate is 
kept low and open, and the charge is raked frequently, to expose as much of 
the ore as possible to the action of air and heat and to prevent agglomerating, 
which obstructs oxidation. 

2. Reduction . — The second operation is that of raising the temperature to 
about 800° C., so that the oxygen compounds may react on unchanged sulphide. 
The resulting Pb runs down the inclined hearth and collects in a basin, the SO2 
passes off through the flue, and the residue remains on the hearth. The tem- 
perature during the reduction period must be low, so that the charge may be 
only in a pasty condition, as the reactions are very imperfect if the ore is melted. 
By well filling up the grate with fuel the required temperature is obtained and 
unconsumed air excluded. The charge is stirred at intervals to bring sulphide 
and oxide constituents into intimate contact. 

As it is not possible to roast a large amount of lead ore uniformly in one 
operation, the first reaction that takes place on raising the temperature will not 
extract all the lead. The resulting pasty residue will be rich PbS, consisting 
mainly of PbS with some PbO, PbS04, PbSiOx4, and gangue. The temperature 
is lowered and air is admitted. A second roasting takes place and is followed by 
a second reaction. It takes several repetitions of the process to extract the 
bulk of the lead. With each one, the temperature must be slightly raised because 
the amount of lead diminishes. To counteract the melting of the charge, slaked 
lime is added, which acts mechanically by rendering the charge less fusible and 
more spongy; it may also assist the process chemically by liberating the lead 
and by decomposing the sulphide, thus helping the silver in the residue to pass 
into the lead. Toward the end of the process there will not be enough PbS left 
to react on the excess of PbS04 and PbO. To reduce these to PbS and Pb, and 
to make the charge more porous, coal is mixed in; then the roasting and reaction 
can proceed again. 

Each successive operation will be of shorter duration than the preceding one 
and the lead each time a little less rich in, silver. The first lead may contain 
four times as much silver as the last.^ 

56. Products. — The products of smelting in the reverberatory furnace are: 

I. Lead, holding in suspension particles of ore and other solid matter, which 

1 Fallize, Rev. Tin. Min., 1859, vi, 421; Berg. BUttenm. Z., 1S60, xrx, 359; 1863, xxir, 285. 

Bouiiy, Ann. Min., 1870, xvii, 159; Berg. BiiUenm. Z., 1870, xxxii, 382; 1871, xxxlll, 
$2, 84, 92, 97, 150. 

Teichmann, Zk Berg. Hiltten. Sal. Wes. i. Rr., 1866, xrv, 232. 
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are removed by liquating and poling. If the ore contains arsenic, antimony, 
or copper, some of these elements combine with the lead and have to be 
removed by refining (§241). 

2. Gray slag, a more or less matted mixture of lead, lead sulphide, oxide, 
sulphate, silicate, gangue, cinders, and lime in varying proportions. Its tenor 
in lead and silver depends on the character of the ore and on the extent to which 
the residue has been treated in the furnace. In some cases it is crushed and 
washed to save only the metallic lead; in others, especially with silv^er-b earing 
ores, it is smelted in the blast furnace. 

3. Flue-dust, composed of particles of unchanged or oxidized ore, of volatilized 
lead that has been converted into oxide, carbonate, and sulphate, and of fuel. 
If the ore contains blende, oxidized zinc compounds will also be found. The 
amount of flue-dust formed will vary with the temperature at which the roasting 
and reacting operations have been carried on, and also with the skill of the 
furnace-man in manipulating the furnace and the charge. As it consists prin- 
cipally of oxidized compounds, it is worked in with subsequent charges and 
shortens the time required for roasting. If very impure, e.g., through arsenic 
and antimony, it is smelted in the blast furnace with the gray slag. The 
resulting lead is hard and has to be refined. 

4. Hearth bottom, consisting of hearth material soaked to some depth with 
metal. It is worked up in the same manner as the residues. 

57. Limitations. — The roasting and reaction process in the reverberatory 
furnace has the following advantages: the ore is treated in the raw state, 
the apparatus is inexpensive, inferior raw fuel is used, hardh'- anj^ fluxes are 
required, the bulk of the metal in a pure state is quickly extracted at a low tem- 
perature with little loss by volatilization, and if the ore is argentiferous the 
larger part of the silver follows the lead, and only a small quantity is left in the 
residue, which is either thrown away or treated at a higher temperature in the 
blast furnace. The great disadvantage of the method is that it is very much 
limited by the character of the ore. To be suited for the reverberatory furnace 
an ore must be a rich galena or a mixture of galena with carbonate (the former 
prevailing), that does not contain less than 58 per cent. Pb, 70 per cent, being 
a common figure. It may not contain more than 4 or 5 per cent. Si02; and 
the non-silicious associated minerals, such as blende, pyrite, chalcopyrite, 
calcspar, and barite, may be present only in small quantities. The process 
requires much fuel and many hours of skilled labor per ton of ore treated. 

58. Influence of Foreign Matter. — ^The quantity and quahty of lead that 
can be obtained from a given lead ore will depend largely on the nature and 
proportion of the other constituents. These may be silica and argillaceous 
matter, oxides of iron, limestone (dolomite), barite, fluorspar, p3n:ite, chalco- 
pyrite, blende, antimony, arsenic, silver (gold), and oxide lead ores. 

Silica and argillaceous matter have an injxnrious influence- in both stages of 
the process on account of their readiness to combine with lead oxide. It has 
been found by experiment that with more than 5 per cent, of SiOg an ore cannot 
be treated by the roasting and reaction process. But even such a small amount 
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as 0.5 per cent, makes itself felt by coating particles of ore with the silicate 
that has been formed, thus preventing the action of the air during the first 
period and obstructing the reactions when the temperature is raised. 

Oxides of Iron . — Siderite is sometimes found with galena ores, but most of it 
can be removed by dressing the ore before smelting. The small amounts which 
remain with the galena quickly lose their CO2 (38o°-4i5° C.) during roasting, 
and the FegOi or FeaOs acts as a stiffening ingredient while the lead is being 
extracted. 

Limestone (dolomite) acts on the whole advantageously during the entire 
process, as it hinders the fusing of the charge. Any chemical action it may have 
is so slight that it can be regarded as practically inert matter. It loses some of 
its CO2 at about 800° C. and is to a small extent converted into CaS04. The 
investigations of Hofman and Mostowitsch^ have shown that the reduction of 
CaS04 by C to CaS begins at 700° C. and is complete at 1000°, and that CO be- 
gins to act also at 700° C., but finishes the reduction at 85o~"9oo°. There may be 
formed therefore some CaS during the last and hottest stage of the process, 
This CaS can act to some extent upon CaS04 forming CaO and SOa ; but even at 
1000° the reaction is incomplete because the necessary intimate contact of 
molecules is not attained even in a laboratory experiment. It may also be 
oxidized by the O of the air, which becomes active at 800° and ceases to be 
effective at about 950°, when a mixture of approximately 75 per cent. CaS04 
and 25 per cent. CaO is formed. Most of the limestone will remain unchanged 
and like all indifferent substances will retard somewhat the roasting by prevent- 
ing the air from having free access to the particles of galena and obstructing 
the reactions by interfering with the necessary intimate contact of sulphide and 
oxide. The highest allowable amount is 1 2 per cent. 

Barite remains practically unchanged in the reverberatory. However, 
BaSO 4 may undergo changes similar to those of CaS04 andatlower temperatures. 
Mostowitsch^ has shown that the reduction by C to BaS begins at 600° C. 
and is complete at 800°, and that the effect of CO starts at 650°, is 98 per 
cent, complete at 800°, and 100 per cent, at 1,050'^. 

Fluorspar, which melts at 1378° C., also remains unchanged unless® it 
combines with barite and FbS04 and thus increases the fusibility of the charge. 
Experimental evidence of these practical facts is wanting. 

Pyrite, which loses i mol. of S at 700° C. is beneficial in the first stage. It favors 
the formation of lead sulphate and assists the oxidation of galena through 
SO3 liberated by the decomposition of FeS04 or Fe2(S04)8. Small quantities 
of pyrite have also a favorable effect during the reaction period, the Fe304 
or FeaOs making the charge less fusible. If present to a considerable amount, 
say from 10 to 12 per cent.,^ too much iron sulphide remains in the charge 

^Tr. A. I. M. E., 1910, XLi, 763. 

2 Metallurgie, 1909, vi, 462; Eng. Min. 1909, nxxxvni, 601. 

^ 3 Percy, ‘‘Lead,’’ p. 488. 

* Boully, Ann. Min., 1870, xvrr, p. 179. 
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and is liable to form double compounds with the lead sulphide. With from 35 
to 40 per cent, of pyrite^ the reverberatory process can not be used. 

Chalcopyrite has no special effect during the roasting, and behaves in a 
manner similar to that of iron pyrite in the reaction period, with this addition, 
that sopie of the copper enters the lead and impairs its quality. 

Blende . — During the roasting period blende is partly converted into ZnO and 
ZnS04; and the latter somewhat decomposed, butmuch blende remains unaltered. 
From 4 to 5 per cent.^ assists the roasting; loor 12 per cent, prolongs it greatly and 
reduces the output of lead; with from 20 to 24 per cent.® very little lead is ob- 
tained; and from 35 to 40 per cent, prohibits the process. The loss in silver 
with blende-bearing ores is principally a mechanical loss that takes place during 
the roasting period. 

Antimony. — This occurs with some galena ores as a simple or multiple 
sulphide. It has a deleterious effect even if present in small quantities of 2 
or 3 per cent. Stibnite^ is readily fusible and causes caking of the ore. The 
Sb2S3 and the Sb203 are both volatile, thus causing loss. The oxide also com- 
bines readily with PbO forming a/Pb0.Sb203, which is retained to a great ex- 
tent by the gray slag; further, Sb2S3 and Sb203 react upon each other, giving Sb, 
which is in part volatilized, causing further loss, and the remaining metal 
finally combines with the lead, making this hard. Thus antimony is probably 
the most harmful metal that can be associated with the lead. 

Arsenic.- — The pyrite found with lead ore sometimes contains arsenic. 
Next to antimony, arsenic is the worst enemy of the process. It causes losses 
by volatilization through the AS2O3 formed in roasting; by slagging, through 
the combination of AS2O6 with PbO forming yellow arsenate; and finally by the 
reduction to metal which combines with the lead and impairs its quality. 

Silver and Gold. — Most of the silver of galena ores passes into the lead; gold 
behaves in a similar way. 

Oxide lead ores, such as anglesite and cerussite, assist the operation, as they 
reduce the time of roasting. 

59. Classification of Reverberatory Methods. — The practice of the roasting 
and reaction process varies in different smelting works. At some the principal 
stress is laid on extracting as much lead as possible in the reverberatory; while 
others aim to obtain only the major part of the lead in the reverberatory and 
to extract the rest from the rich residue by smelting it in the blast furnace, 
thus recovering . a larger percentage of lead. Then, some establishments 
roast the ore slowly at a low temperature, which is advisable for the recovery 
of a large percentage of lead; while others hasten roasting by raising the tem- 
perature quickly to the permissible limit, the aim being to save labor and time, 
which is done at the expense of the lead. As regards the form and size of fur- 
naces and the. position of the lead-well there are also characteristic differences. 

p. 178. 

^IbU 

® Rivot, “M6tallurgie du plomb,” p. 46- 

* HofmaivBlatcMord, Tr. A. I. M. E., 1916, uv, 671- 
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The reverberatory furnace practice may be classed under three main heads: 
I. The Carinthian Method; 2., The English Method; 3. The Silesian Method. 

60. The Carinthian Method. — The characteristics of this method are the 
smallness of the charge; the slow roasting, so that for every part of PbS one part 
of PbS 04 and at least two of PbO are formed; the low temperature at which all 
the operations are carried on; and the aim to extract all the lead in the rever- 
beratory. The hearth is inclined toward the flue and the lead is collected 
outside of the furnace. 

(a). Lead-smelting at RaiU,^ Carinthia . — The ore worked is galena (partly 
coarse, with from 72 to 75 per cent. Pb, and partly fine, with from 67 to 73 
■ per cent. Pb) ; in exceptional cases the lead contents go as low as 58 per 
cent. The other constituents of the ore are anglesite, cerussite, wulfenite, 
blende, willemite, calcite, fluorite, and asbestos, but these form only a very small 
quantity. The following analyses by Philips^ in 1845 show the composition 
of low-grade coarse and fine ore : 



FRONT ELEVATION SECTION ON LINE A-B 

Figs. 36 to 39. — Reverberatory furnace, Raibl, Carinthia. 

The drawings (F'gs. 36 to 39) of the furnace show an inclined hearth (9^°) 
with only one working door, g, below the flue, d. On the same side is the door, 
b, leading to the fireplace. The grate, slightly more inclined than the hearth, 
is parallel to the long axis of the furnace. It is built of stone and has six trans- 

^ Thum, Berg. Eiittenm. Z., 1S63, xxn, 196; Official Report,” Oester. Zt. Berg. Muttenw., 
1889, xxx?vri, 297; Report: ^‘Bleivergiftungen,’kHold.er, Vienna, 1905, pt. i, p. 18; Min. Ini., 
1906, XV, 53S. 

^ Ann. Min., 1S45, viir, p. 293. 
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verse openings. The firebridge is ate; the opening,/, carries off any lead fumes 
into the main fl.ue. The hearth terminates at its lower end in a cast-iron 
gutter, over which the lead runs into the mold. Fig. 37 shows the support 
for the working tools. The furnace is built of sandstone and ordinary red 
brick; the working bottom, which is renewed every 4 or 5 weeks, is made 
by tamping down firmly fireclay, probably a mixture of raw and burnt clay. 
It is made impervious to lead by glazing with gray slag. The heating-up of the 
furnace, leading to the fritting of the slag, is done slowly to prevent the crack- 
ing of the tamping. Furnaces are usually built in pairs, being placed side 
by side. They last from 5 to 6 years. The fuel used is cordwood, later 
replaced by lignite. Dimensions are given on the drawings and in §63. 

The mode of operation is as follows: the furnace, barely red-hot from a 
previous charge, is repaired, if necessary, and the charge of about 400 lb. intro- 
duced through the working door, g, and spread out over the upper part of the 
hearth near the bridge to a thickness of from to iK in. No fresh fire is 
made, the heat of the furnace and the glowing fuel from the previous charge 
furnishing sufScient heat for the first slow roasting. The ore, containing a small 
amount of blende, is raked every quarter of an hour. With pure galena the 
raking is not repeated so frequently, as the quick oxidation would liberate 
sufficient heat to make the ore cake. The beginning of the caking is indicated 
by its adhering to the rake. The roasting period has come to an end when 
the blue sulphur flames disappear, drops of lead are seen near the front end 
of the hearth, and the ore feels sandy. The roasting period lasts 3 hr., dur- 
ing which time the charge is rabbled from eight to nine times and from five 
to six sticks of cordwood are consumed. The temperature is then raised and 
kept pretty uniform throughout the reaction which sets in. The attendant 
works his charge once every quarter or half hour, and raises the temperature 
slightly when the flow of lead ceases. This second period lasts from 5 to 
6 hr., consumes from 16 to 18 sticks of wood, and furnishes the first half of 
the lead, which, on account of its freedom from impurities, is called virgin lead. 
The attendant now stops firing until he has collected the residue from aU parts 
of the hearth into one heap. He then takes a few shovelfuls of ashes and breeze 
from the ash-pit, throws them on the heap of residue, and works them in in 
order to remove lead and to reduce lead oxide and sulphate. He then urges the 
fire as quickly as he can, and the so-called third period of the process, that of slag 
reduction, has begun. The further manipulations are the working of the resi- 
due and the stirring-in of breeze of charcoal^ until after 3 hr. the rest of the 
lead, the “slag-lead,” has been extracted. This has to be liquated before it 
can be marketed. 

The practice is varied in some works by raking out the residue after the 
ashes and breeze have been stirred in and introducing a new charge. This is 
worked in the usual way. The residue from this second charge is not with- 
drawn, but that from the first added and both worked together for slag-lead. 
In this case the reduction of the slag occupies from 7 to 8 hr. 

The final residue is withdrawn from the furnace and sorted into gray slag 
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with 4 per cent. Pb, which is thrown away, and a product to be crushed and 
concentrated; the heads, which assay from 50 to 60 per cent. Pb, going back to 
the furnace in one of the subsequent residue-charges. 

There is one furnace-man, working 24 hr., who has a helper during the 
day (12 hr.); later the work was done in 12-hr. shifts. 

Tabulated results are given in §63. Of the products no satisfactory analyses 
exist except of the lead. 


Table 23. — Analyses or Carinthian Lead 



Virgin lead 

Slag lead 


62 


62 


Per cent. 

0 . 00069 
0.00025 
0.00055 

Per cent. 

0.00010 

0 . 00003 

0.00700 

Per cent. 

0.00075 

0.00025 

0 . 00088 
trace 
0.00082 
0.01785 
0.00703 
0.00721 

Per cent. 

0.00x00 

0 . ooooS 
0.00770 

Ag 

Fe 

Ni 

Zn 

0.00076 

0.01476 

trace 

trace 



S 

i 

0 . 00400 
0.05700 

0.00130 

0.14340 

0.01920 

Sb 

As. 




In 1893 the furnace and method were at last given up.® The Belgian 
reverberatory furnace is now in use and is worked by the Silesian method (see § 
62). 

(h) Lead Smelting at Engis, Belgium ,^ — The method of working at Engis 
differs in some respects from that at Raibl. The ores are pure. They contain, 
according to an average of several analyses: PbS 93.56, ZnS 3.74, FeSz 
2.31, CaCOs 0.35 per cent., and traces of silver. They are free from arsenic 
and antimony. 

The furnace has the ordinary form of a reverberatory. The hearth, widest 
iin the middle, is slightly contracted at the bridge and narrows down considerably 
f at the flue. The furnace has two doors, one at the side and one beneath the 
flue, below which there is a small kettle with a separate fireplace to receive 
the lead. The fuel used is bituminous coal. The furnace bottom, oval in 
cross-section, is 2 ft. 8% in. thick at the top of the bridge, and is inclined 
toward the flue, so that no lead is collected in the furnace. At the flue the 
thickness is 1 ft. 5^ in. The furnace has a brasque working bottom. 
The brasque consists of two parts by volume of ordinary brick clay and 
one of coke ground fine enough to pass a 4-mesh screen. Old bottoms, con- 
taining usually about 2 or 3 per cent. Pb, are ground up and mixed with 

^ Oesier. Jahrb., 1872, xxri, 389. 

2 Op. ciL, 1879, xxvn, i88. 

® Oester. Zt. Berg. Huttenw., 1893, xxi, 283. 

* Bouhy, Ann. Min.y 1870, xvn, 159; repriut, “La fabrication du plomb,’’ Dunod, Paris, 
1870; also in Berg. Mmenrn. Z., 1870, xxxrx. 381; 1871, xl, 52 
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new brasque. All the brasque needed for one furnace bottom (about 4000 
lb. of clay and 1600 lb. of coke) is prepared by two men in 24 hr. In addi- 
tion to the ordinary test for the correct amount of moisture (that the brasque, 
when squeezed in the hand, shall cohere into a lump, but not have sufficient 
moisture to adhere to the hand) another one is used, that of throwing with force 
a ball of brasque against the wall, to which it should adhere. 

In tamping, a layer of brasque 8 in. thick is first spread out evenly on the 
brick hearth and tamped down to i in, ; the second 8-in. layer is not rammed 
down so firmly, being reduced only to 2^^ in. ; the subsequent layers are made 
by using smaller amounts of brasque, as when spread out they are only about 
4 or 5 in. thick. The bottom is not impervious to lead, which filters through 
to a slight extent, collects on top of the underlying red brick, and also passes 
into the joints. A bottom lasts about 6 weeks. It wears off quickly during 
the first 2 weeks, but then resists pretty well abrasion by the tools and corro- 
sion by chemical action. 

In starting a furnace with a new bottom the warming lasts 6 hr., slight 
cracks that may form are closed with brasque. Then a small charge of 
220 lb. of low-grade ore with from 45 to 48 per cent. Pb is spread over the 
hearth and the temperature raised gradually for 534 br., the ore being raked 
from eight to ten times. The brasque becomes superficially soaked with lead 
and coated with a mixture of various lead compounds more or less melted. 
There result from this charge 4 lb. of lead, 5 lb. of rich slag-like material, and 
130 lb. of matte-like material containing 48 per cent. Pb. The charges are 
increased in weight, and richer ore is worked until after the third day the 
furnace can do normal work. 

The method of working is the same as at Raibl, with the exception that all 
the lead is not extracted in the reverberatory. The residue, forming 12 per 
cent, of the original charge and assaying from 17 to 20 per cent. Pb, is smelted 
with puddle-cinder in a small blast furnace. One furnace-man with a helper 
works a charge in 12 hr. Tabulated dimensions and results are given in §63. 

The subjoined analyses show the composition of the residue: 


Table 24. — Analysis oe Residue 


Si02 

PbO 

ZnO 

(FeAOaOs 

CaO 

S 

1 Total 

29.86 

25-50 ' 

25:33 

15.03 

3-70 

0.38 

99.80 

28 . 10 

32.80 

20,80 

14.70 

3.20 

O.IO 

1 99-70 


{c) Lead Smelting in the Air Furnace ! — ^The roasting and reaction process, 

1 Williams, “Geological Survey of Missouri: Industrial Report,” 1S77, pp. 8-101; Tr. 
A. I. M. E., 1876-77, 314. 

Broadhead, “Geological Survey of Missouri,” 1874, p. 492. 

Ingalls, W. R., “Lead and Zinc in the United States,” McGraw-Hill Book Co., New York, 
1908, pp. 63, 112 and foil. 

Pulsifer, Min. Eng. World, ^914, xx, 820 (Wise.), 1148 (Mo.), 

The furnace has been used to a considerable extent in the Mississippi Valley, where it origi- 
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as carried out in the so-called air-furnace, is given here as the American improve- 
ment of the Raibl furnace. 

The galena ore from the Mississippi Valley is concentrated to a high-grade 
pure product ranging from 70 to 84 per cent. Pb. 

The furnace has a peculiar construction. The drawings (Figs. 40 and 41) 
show an inclined hearth, c, with e as charging and working door, and / as dis- 
charging and cleaning door; beneath is a small kettle, g, into which the lead 
flows as it is set free in the furnace. The chimney is a sheet-iron pipe. Thirteen 
inches from the front— fi.e., the lower or pot end of the furnace — is the firebridge, 
h, with fireplace, a, at right angles to the axis of the furnace. The bottom of the 



Figs. 40 and 41. — Air furnace, Missouri, 

furnace is a cast-iron plate with 6 in. of gray slag or residue melted upon it. 
Cordwood is used as fuel. The cost of a furnace, including shed, is estimated 
by Broadhead at I550. 

The charge, from 1400 to 1600 lb. of galena of from pea to hazelnut 
size, is introduced through door e and spread evenly over the hearth. It is 
roasted for from i to hr. at a low temperature, the shorter time being suf- 
ficient if the galena contains some oxidize ore. During the roasting the 
charge is constantly raked and moved from firebridge to flue, and from the cooler 
part of the furnace to the hotter, in order to heat and roast it as uniformly 
as possible. When this is accomplished the heat is raised and lead begins to 
flow. Ashes and breeze are used as stiffening ingredients. The charge is rab- 

nated; but even in 1890 it had given way largely to the ore hearth, as this has about three 
times the capacity, although it recovers a smaller amount of lead. The percentage of lead ore 
worked^in 1880 by different furnaces in the Mississippi Valley, as reported by the “Tenth, 
Census of the United States,’* vol. xv, p. 818, was as follows: Air furnace, 10.61; Flintshire 
furnace, 7.64; Scotch hearth, 62.47; blast furnace, 19,28 per cent- 
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bled at intervals. When no more lead appears (after from 7 to 8 hr.) the 
residue is drawn without any attempt to extract slag-lead in the furnace as at 
Raibl. 

One furnace-man with a helper works in 12 hr. a charge which consumes 
one and one-half cords of wood. About the yield nothing is known, as the 
lead-content of ore charged is not determined. Tabulated dimensions and 
results are given in §63. 

The following two analyses by Williams^ show the composition of residue 
and poled lead from the Granby works; 

Residue: SiOa 21.396, CaO 4.650, MgO 3.948, FeaOs 3.680, AI2O3 0.152, 
ZnO 7.146 per cent., PbS04 2.349, PbS 20.929, PbO 34.914; total, 99.063 
per cent. The sample yielded 3.52 per cent, of metallic lead; which makes the 
total metallic lead 54.82 per cent. 

Lead: As 0.01122, Sb 0.00077, 0-00080, Cu 0.05091, Fe 0.01582, 

Zn 0.00090, Ni 0.00281, Pb (by difference) 99.91777; total, 100 per cent. 

61. The English Method. — The characteristics of this method are a large 
charge, a quick roast (with the result that for every part of PbS04 formed 



there shall remain two parts of PbS unchanged), a high temperature through- 
out, and the aim to extract all the lead in the reverberatory. The hearth 
inclines toward the middle of one of the sides; the lead collects in the furnace, 
and is tapped at intervals into an outside kettle. 

(jo) Lead Smelting at Stiperstones^ {Shropshire ). — ^The ore is a concentrated 

1 Tr. A. I. M. E., 1876-77, V, 320-324. 

2 Moissenet, Ann. Min., 1862, i, 45; reprint, “Traitement de la galfene au four gallois,” 

Dunod, Paris, 1862; also in B&rg. Hiittmm. Z., 1863, xxn, 243 > 261, 265. 
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galena with some carbonate and blende, assaying 77.5 per cent. Pb, the 
gangue being principally carbonate of lime. 

The construction of the furnace is given in detail in Figs. 42 to 47. The 
horizontal section (Fig. 42) shows the usual trapezoidal form of the English 
reverberatory with its three working doors, k, on either side, the well, b, at the 
front, and the fire-opening, t, at the back. It is to be noted that the centers of 




CROSS SECTION ON LINE T, U. 

Figs. 43-44- — Reverberatory furnace, Stiperstones, England. 

hearth, a, and fireplace, g, are not opposite each other, the latter, with fire- 
bridge, h, being 10 in. further back. The object of this is to draw away the 
flame from the well, for the same reason the flue, near the back, is made 
I in. wider than flue d, near the front, while both have the same height. ’ Each 
has its own damper, w and w' . The cross-section. Fig. 44, shows the inclina- 
tion of the hearth from the back to the front (24°), where well, 6, is placed^ 
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This has nearly vertical walls and (Fig. 42) extends ft. into the furnace, 
where it is 2 ft. wide, narrowing down to a few inches in the front. The lead 
collected in the well is tapped through tapping-hole, m, into the cast-iron kettle 
or pot, c. The longitudinal section (Fig. 45) shows the inclination of the 
hearth, which is 30.'^ from the bridge and 23° from the flue. The roof, P, slopes 
in a straight line from top to grate, g, to flues, d d\ The gases from the grate 
pass over flrebridge, h, to the hearth and thence through flues d d' into flue e. 
In the front elevation (Fig. 45) can be seen the chimney, /, which is 2 ft. 6 in. 
by 2 ft. in the clear and 20 ft. high from the ground. It does not communicate 



with the interior of the fireplace. It carries off gases that would enter the 
smelter building when the fire is fed or stoked or when the doors are open, 
and also vapor that comes from the ash-pit, u (Fig. 43), which is filled with 
water. 

The following details will elucidate the drawings. In Figs. 42, 43, and 45 
one end of the furnace is seen to be built against the waU, Q, of the building. At 
the others there is a passage, D; 15 ft. of free space at front and back give suffi- 
cient room for working the furnace. 

The furnace is built of red brick and lined with a full course of firebrick, 
which is indicated by heavy shading. The foundation is 3 ft. deep; the space 
in the center between the bent ends {j j' in Fig. 44) of the lower tie-rods is 
filled with sand. The upper part of the foundation is solid and slopes from the 
back and both ends to the front. The edges of the last course of brick are left 
sharp, as "shown by the zigzag hue in Figs. 43 and 44. In deterraining the slope. 



80 


METALLURGY OF LEAD 


a line 3 ft. 6 in. long is drawn from the taphole, and the points, « and /3, are 
located at a distance of i ft. on each side of its inner extremity. To them, 
lines are then drawn from the corners, t and 5 , starting at an elevation of 
2 ft. 8 in. The side walls are raised slightly over the roof, P, and have a total 
height of 5 ft. 8 in., measured from the floor. The space between the two is 
filled with sand, R’. 

The ironing of the furnace is clearly shown in the figures. The buckstays 
are 6 ft. 6 in. long, the tie-rods being slipped over them and tightened with 
wedges. The upper tie-rods reach over the furnace; the lower ones, j j', are 
turned down i ft. at a distance of 4 ft. 6 in. The castings are not shown with 
sufficient distinctness in the drawings. 



Figs. 46 and 47. — Working and fire doors, reverberatory furnace, Stiperstones, England. 

The taphole plate (Fig. 44 and y in Fig. 45) is 5 ft. long and 20 in. high; 
it is 2 in. thick at the bottom, increasing to 3 in., which it reaches at a height of 6 
in. and retains for the rest of the distance. Eight inches above the center of the 
lower edge is the taphole, m, and 4 in. above this begins a narrow vertical opening 
(4 by 9 in.), with a hinged door, p, only 8 in. high, so that when the door is closed 
a small current of cold air may pass over the molten lead in the well. The 
taphole plate is overlapped on each side by five cast-iron plates (4 ft. long and 
in. thick), placed horizontally {z and s' in Fig. 45). They extend from the 
working opening down to the taphole. 

The back-plate (5 ft. long, 20 in. high, and i in. thick) is placed just opposite 
the taphole plate. Its main object is to protect the brick from the gray slag 
which is drawn out from the back door. To facilitate this, two hooks, H 
(Fig. 44)? carrying an iron rod (3 ft. 6 in, long and i in. in diameter) as 
support for the working- tools, are placed inside of neighboring buckstays. 

The bridge-plate, n (Fig. 43), counteracting the longitudinal thrust of the 
hearth, gives strength to the 4-in. air-space, 0, and prevents any leakage of 
lead. It is 6 ft. long and 20 in. high. From the upper edge, which is on a 
level with the grate bars, it is 3 in. thick for a distance of 6 in., then sud- 
denly increases to double that thickness for another 6 in., and for the inet 
8 in. returns to its original thickness. 
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The working openings, k, have a number of castings. The door-frames 
{B, Fig. 44), inclosing each an opening 10 by 6 in., are 4 in. square in cross- 
section. They are protected on the sides by firebrick, and on the bottom by 
the hearth. On the level of the grate-bars, or 2 ft. 8 in. above the floor, are 
two horizontal plates, C, 6 in. wide and in. thick, that extend below the 
six working openings. On them rest two inclined (3 ; 8) plates, E, 8 in. vdde 
and in. thick, which abut against the bottom of the door-frames. Two 
plates, F, of the same size as C, form the upper part of the linings. The skew- 
backs, G (9 in. wide and 3 ^^ in. thick), resting on these upper plates, F, and the 
door-frames, B, support the roof. The sides of the working openings are lined 
with J-^-in. jamb-plates, as shown in Fig. 42. The cast-iron working doors, q, 
with handle, r (Fig. 46), are placed against the door-frames, B. 

The cast-iron kettle, c, in front of the taphole is 2 ft. 6 in. in diameter and 
20 in. deep. It is imbedded in clay, which is inclosed on three sides by masonry 
and on the fourth by the slag-bottom. Its rim, 8 in. above the floor, is sur- 
rounded by an iron hoop, 4 in. wide and in. thick. Wedges, T, are driven 
between it and the kettle to prevent any lead that may penetrate through the 
joints and collect under the kettle, from raising it. 

The fire-opening, t, 10 by 12 in., has an iron casing (Fig. 42). It is closed by 
a swinging fire-door (Fig. 47), consisting of firebrick held together by a wrought- 
iron frame. The grate consists of two sets of cast-iron grate-bars of eight each, 
supported at the ends by cast-iron crosspieces. 

The hopper {pc, Figs. 43 and 45) is a truncated sheet-iron pyramid 36 and 
6 in. square at the ends and 3 ft. high. It is suspended in a wooden frame, 
K (3 in. square), which rests on two iron cross-beams, L, 4 by 6 in. These are 
supported by brickwork, 14 in. high, forming the continuation of the sidewalls 
of the furnace. Four iron rods, N (Fig. 43), fastened in the wooden frame, K, 
have at their lower ends a sheet-iron frame, O, on which is placed a movable 
slide, which closes the discharge of the hopper. The 6-in. opening in the roof 
of the furnace, over which the mouth of the hopper is placed, is indicated on the 
hearth in Fig. 42. It is i ft. 9 in. distant from the firebridge, and 2 ft. 6 in. from 
the working opening nearest the bridge at the back of the furnace. 

When the furnace is finished, the working bottom, made of coarsely broken 
gray slag and sand, is put in. Part of the material is spread out on the brick 
bottom, which has previously been made red-hot. It is heated till it becomes 
pasty, and is then patted with paddle and rake. A second part is made to 
adhere to the first, and so on until the entire bottom has been built up with 
successive layers of gray slag and sand, and has attained the desired form and 
thickness. The upper edge of the well is 10 in. below the working opening. 
The thickness of the working bottom increases toward the taphole. It is 4 in. 
at the back doors, 12 at the bridge, 14 at the flues, 30 at the front, and 8 at the 
back of the well. 

The furnace, being built solidly, lasts a long time; the roof of the fireplace 
requires repairing every 2 years, that of the hearth every 5 years. The 
hearth is repaired after every charge if necessary. 
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TMs furnace has the representative form of the English reverberatory. 
Slight variations exist as regards detail. For instance, the foundation, instead 
of being built up solid at the back, sometimes has an arched vault^ ati (Fig. 44)^ 
extending longitudinally, communicates -with the air-space in the firebridge, 
and is accessible at the flue end of the furnace. Another variation is build- 
ing the entire hearth on cast-iron plates^ resting on rails supported by a 
brick pillar. Sometimes the general form of the hearth differs by having a 
gentle slope toward the taphole. This makes the sides of the well less steep 
than those of the drawings. 

The tools used in the furnace are shown in Figs. 48 to 61. They are of 
wrought-iron, with the exception of the mold (Fig. 60) and the handles of shovel 
(Fig. 52) and ash-pit hoe (Fig. 55). 

Figs. 48 to 51: Paddle, rake, old paddle used as chisel, and hammer to 
remove adhering slag are the tools for working on the hearth. Figs. 52 to 55: 
Coal-shovel, hammer to break coal, fire-poker, and ash-pit hoe are required for 
firing. Figs. 56 to 61; Tapping-bar, rectangular skimmer, circular skimmer, 
ladle, mold, and lead-carrier are used in handling the lead. 


Fig. 62 



Method of Working . — To simplify the description the doors mjiy l)e desig- 
nated by numbers i, 2, 3 in front, and 4, 5, 6 at the back, starting both times 
from the bridge. 

The charge, 2350 Ibt, is dropped from the hopper through the roof into the 
furnace, still red-hot from a previous charge, the dampers having been closed. 
The lead is left in the well and covered with lime. The ore is spread with rakes 
over the hearth through doors i, 4, and 5. It decrepitates and gives off 
vapor of water. Then the dampers are slightly raised and the fire is gradually 
increased for hr. During the first 2 hr. (first firing) the ore is turned over 
four times with paddles through doors 1 and 4, the other doors being kept 
closed. The paddling requires only a few minutes. When the first firing 
is nearly accomplished, feeding of fuel is stopped, and doors i, 2, 4, andj5, 
fire-door and dampers are thrown open, and the charge cooled (first cooling). 

1 Percy, “Lead,” pp. 222-229. 

* Phillips-Baaernaan, op. oit., 1891, p, 640, 
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This lasts^ for H hr. The grate is then freed from clinkers, and the charge, 
nearly 6 in. deep next to the bridge, which has fritted, is broken up and 
turned over. Any ore that had fallen into the well is raked up on the furnace- 
bed. The doors are now closed, the dampers lowered, the grate is well filled 
with coal, and the second firing begins. This lasts from 55 to 60 min., and 
is followed by a second cooling. Some lead now flows into the w-ell. Near the 
bridge and towaid the center of the furnace, parts of the charge ha\"e begun to 
fuse, whereas at the flue the ore is only sintered. The charge is worked as in 
the first cooling, door 6 now being also used. After 10 min. the lead which has 
accumulated is tapped from the well into the kettle. The taphole is closed 
from the inside by inserting a clay plug fixed to a wooden handle through the 
little taphole door and pressing it in until the clay oozes out in front. Before 
tapping, fine coal and wood-shavings are put into the kettle to pole the lead. 
It is then stirred vigorously for 6 or 7 min. with the rectangular skimmer 
to bring all the impurities to the surface. These are removed, first with 
the shovel and then with the rectangular skimmer., and thrown back into the 
furnace, through doors i and 3, on both sides of the well. The charge, now freed 
from part of its lead, is turned over with paddles through doors i and 4. This 
ends the second cooling, 4 hr. after charging. The doors are now closed, 
coal is put on the grate, and the dampers are lowered to begin the third firing. 
Meanwhile the lead in the outside kettle is skimmed and ladled into molds 
holding 120 lb. This takes about 20 min. During the third firing, w’hich 
lasts 2 hr., the ore is turned over several times, care being taken to open 
the doors as little as possible. The furnace shows a full-yellow heat when the 
third cooling begins. The charge is now worked with paddles for 15 or 20 min., 
and parts of it that have collected in the well are stiffened by the addition of 
lime and are raked on the hearth. The residue on the hearth is collected near 
the bridge and fine coal worked into it. The doors are again closed, the fire is 
urged for a quarter of an hour, and the residue turned over with the paddle 
through doors' I and 4, and finally drawn out through door 5. Any repairing 
of the hearth that may be necessary takes place now, and the furnace is ready 
again for a new charge, 7 hr. from the time when the previous one was first 
introduced. 

Two men work as partners in 12-hr- shifts. Tabulated results are given 
in §63. 

(&) Smelting Near Holywell, North Wales. — ^This differs from that at Stiper- 
stones. According to Percy’- it is as follows: 

After dropping the charge of 2350 lb. on the hearth and spreading it over 
the upper part of the bed, the doors of the furnace and that of the fire-box are 
left open for hr. to let the air have free access during the first roasting 
stage, while the damper is raised just enough for the gases to escape. Work- 
ing doors 3 and 6 and the fire-door are now closed and the fire is urged. 
Lead soon appears. During this heating, which lasts 2 hr., doors 2 and 5 
are closed, but i and 4 are kept open. Through these the charge is rabbled at 

^ “Lead,” p. 232. 
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intervals. Toward the end of this first reaction period lead begins to flow. 
Now doors i and 4 are closed, the damper is thrown open, the fire urged for 40 
min., and the charge melted down. The furnace is then cooled for half an 
hour by throwing open all the doors. What charge remains on the hearth is 
rabbled, doors 3 and 6 are closed, slaked lime is thrown through door 2 on the 
charge, which has collected in the well, and worked into it through the tapliole 
door. The stiffened residue is collected (“set up”) near the bridge, as well as 
other parts that have been detached from the hearth. Doors 2 and 5 and the 
fire-door are now closed, the damper is lowered, and the temperature raised 
gradually' for half an hour, whereupon the damper is entirely tlirown open, 
doors I and 4 are closed, and the fire is urged to melt down the residue, which 
takes 20 minutes. The fire-door and the working doors 1, 2, 4, and 5 are then 
thrown open, lime is added through door 2, and worked into the slag to thicken 
it. The lead is tapped, and the stiff gray slag raked out on the floor through 
door 5. The lead is poled as at Stiperstones, and the hearth repaired, if 
necessary. The entire time required to work the charge is 6 hr. 

Two furnace- men and one helper work two charges in a 12-hr. shift. 
Tabulated results are given in §63. 

The changes that take place in the ore during the process have been ex- 
amined by Percy, ^ and are given here in their lead contents only. 


Table 25. — Analyses of Changes of Galena in Roasting and of Guay Slag 


Lead compounds 


Hours after charging 


Gray slag 

da 


aVz 


PbS 

Per cent. 
63.82 
27.25 
3.82 

Per cent. 
53.32 
31.49 

4.78 

Per cent. 

24.76 

43.12 

6.94 

Per cent. 

435 

47 ■ 50 
14.02 

Per cent. 
0.90 
48.87 
9.85 

PbO 

PbS 04 


Total Pb 

S3. 16 

78.66 

66. 22 

47 • 86 

52.88 



(c) Smelting at Desloge, Flat River, Mo. ^ — This plant has one English and three 
Silesian reverberatory furnaces for ores, and one blast furnace for reverberatory 
slags which are too rich to be discarded. In 1914^ only two reverberatories 
were in operation, and the gray slag was sold to other smelteries. 

The Silesian furnace, which was at first constructed on the model of the 
one shown in Figs. 62-67, was not successful, probably on account of the lack 
of the skilled labor required. It was therefore rebuilt with the sump in the 
middle of one side, following the example of the English reverberatory; but the 
rectangular Silesian form was retained. 

1 Op. cU., p. 23s. 

® Ingalls, JEng. Min. J., 1905, lxxx, iiii. 

Pulsifer, Min. Eng. World, 1914, XL, 1152. 

^ Mm. Res. U. S., 1914, r, 102. 
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The hearths of the two remodeled furnaces are i6 ft. long and ii ft. wide, that 
of the third furnace is i6 by 13 ft. The width of 13 ft. is too great for satis- 
factory work ; it is held that a width ought not to exceed 10 ft. Of the four work- 
ing doors on a side, the pair near the flue is kept closed on account of insufflcient 
temperature in that part of the furnace, i.e., the furnace is too long for the 
English method of working. 

The hearth 16 by ii ft. is fired from a grate 8 by 3 ft. ; the ratio of hearth to 
grate area is therefore 7.3 : i. The grate lies 6 in. below the fire-door; the bars 
are 36 in. long, i in. thick at top, 4 in. deep at middle, and 2 in. deep at ends; 
the open spaces, including rib in middle, are 32 in. long and 5 ,^ in. node. There 
are two flues, 16 by 18 in., each with a damper. The sheet-steel guyed chimney, 
6 ft. from the furnace, is 42 ft. high and 42 in. in diameter, and has a brick ped- 
estal, 64 by 64 in. and 13 ft. high, making the total height 55 ft. The working 
doors, 36 in. above the floor, have cast-iron frames, 7 by ii in. on the inside 
and 15 by 28 in. on the outside, and are held in place by buckstays. The 
sump holds a cast-iron kettle of metal, which is set parth’ below the floor- 

line so that the distance to the working door is 31 in. and to the tapping door 7 
in.; the latter forms an opening 4 by 9 in. in the 1.5-in. cast-iron plate. The 
taphole, 3.5 in. in diameter, is on a line with the rim of the kettle. The fur- 
nace costs $2000 excluding the chimney. The working hearth, 8 in. thick, is 
of broken gray slag beaten down firmly on a layer of brick which rests on a fill- 
ing of rammed clay. Firing a furnace, after repairs, for from 8 to 12 hr. 
brings it to the proper temperature; Illinois coal serves as fuel. The method of 
working is that of the English reverberatory. The ore is a galena concentrate 
with about 70 per cent. Pb. A furnace is manned by a smelter and a helper who 
get their ore, flux, and fuel, and wheel away the gray slag and ashes. With 
three 8-hr. shifts, each working a charge of 3500 lb. wet (3325 lb. dry) concen- 
trate, the schedule of operations is the one given in Table 26. 


Table 26. — Schedule oe Reverberatory Operations at Desloge 


Drop charge 

Begin firing down^. 

Begin tapping 

Rake out slag 

Begin tapping 

Drop charge 

Begin firing down. . 


7 a.m. 
12 noon 

1 p.m. 

2 p.m. 
2.30 
3-00 
8.00 


Begin tapping .... 
Rake out slag . . . . 
Begin tapping .... 

Drop charge 

Begin firing down. 

Begin tapping 

Rake out slag 

Begin tapping 


9 p.m. 
10 

10.30 
1 1. 00 

4 a.m. 

5 

6 

6.30 


At the beginning of the reaction period, that is 5 hr. after dropping the 
charge, from 85 to 100 lb. crushed fluorspar is thrown into the furnace and 
worked into the charge, the doors are closed, and the fire is urged. The first 
tap yields about 1200 lb. lead. Chips of wood and bark are placed on the 
lead, which is poled and then ladled into pigs weighing about 80 lb.; the 

1 "Firing Do wn at the beginning of the reaction period means raking out the entire bed of coal and then 
building a fresh fixe with coxdwood and lump coal. 
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dross and skimmings are returned to th.e furnace. At the end of the shift, the 
gray slag is raked out into a barrow and wheeled outside the building. It is 
sold with a payment of 95 per cent, of the Pb-content if it assays over 40 per 
cent. Pb, and 90 per cent, if under. The coal consumption is o. 8-0.9 ton per 
ton of ore. Treatment of 1012 tons wet ( = 962 tons dry) concentrate with 
70 per cent. Pb or 673.4 tons lead, gave 523.3 tons or 54.4 per cent, pig lead; 
262.5 tons or 27 per cent, gray slag, assa3dng 38 per cent. Pb, which is equal to 
99.66 tons lead. Assuming 90 per cent, extraction by smelting in the blast- 
furnace, gives 89.7 tons lead. The total extraction is therefore 523.3 + 89.7 = 
613.0 tons lead, or 613.0X100 = 673.4 = 91 per cent. Tabulated results are 
given in §63. 

The cost of smelting in 1905 with five furnaces, each treating three 
charges in 24 hr. is given in Table 27. 


Table 27. — Cost op Reverberatory Smelting ax Dksloce 


Labor and materials 

I foreman at $3 $ 3 • 

S crews at $9 . 90 49 • .'?o 

21 tons coal, unloading at 6 cts 1.26 

14 tons lead, loading at 13 cts 2.10 

7 tons gray slag, loading at 15 cts 1.05 

Total labor 

Coal, 21 tons at $2 .00 42.00 

Flux and supplies 13.00 

Blacksmi thing and repairs 10.00 

Grand total $121.91 


On the basis of 6.25 tons wet concentrate per charge, this cost would be 
$4.65 per ton. The actual cost for 7 months in 1900 was per ton: Labor, 
$1.98; coal, $1.86; flux and supplies, $0.51; miscellaneous, $0,017; total, 4.757. 
Figuring the cost of smelting gray slag at $8.00 per ton, and the x>roduction of 
gray slag at $0.25 per ton of wet concentrate, the total cost per ton wet charge 
is about $6.75, or per ton dry charge, $7.00. 

Smelting in the reverberatory furnace was replaced in 1905 by Iflast roasting 
in Huntington-Heberlein pots (§93) and smelting in the blast furnace. 

Birnbaum^ draws a valuable comparison between the working of the two 
processes at Tarnowitz, Silesia. 

62. The Silesian Method. — The characteristics of this method are a large 
charge, slow roasting, and a low temperature. It is not aimed to extract all 
the lead in the reverberatory, as this is supplemfented by the blast furnace. 
The hearth is inclined toward the flue, beneath which the lead is collected and 
tapped at intervals into an outside kettle. 

^ Zt. Berg. HUtten. Sal. Wes. i, Pr.y 1905, Lin, 219; Eng. Min. 1905, LXXX, 53$, 680; 
Min. Ind.j 1905, xiv, 405, 
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Lead-Smelting (it Tarnowifz,^ Prussia . — The ore is a mixture of sulphide 
and oxide lead minerals. Its composition, in 1870, in round numbers is 
given in Table 28. 


Table 28. — Compositions op Ore Mixtures at Tarnowitz 



Per cent. 

Per cent. 

PbS 

61 

40 

PbS 04 

II 

9 

PbCOa 

24 

45 

(Ca, Mg, Fe, Zn) CO 3 

3 

5 


I 

I and less. 


The furnace charges contained from 70 to 74 per cent. Pb and from 21 to 
22 oz. Ag per ton. At present the ore runs lower, the percentage of blende 
having increased considerably. 

The construction of the latest furnaces is given in Figs. 62 to 67. After 
the detailed description of the reverberatory at Stiperstones attention need 
be called to some of the principal features only. The horizontal section (Fig. 
62) shows the rectangular form of the furnace with four working openings on 
either side, the well being below the door nearest the flue end, the coolest part 
of the furnace. The grate bars are placed parallel with the axis of the furnace. 
The fire is stoked at the end and fed from both sides. Four branch flues lead 
the gases into one main flue. The bridge-wall has an air-passage. The entire 
furnace is incased in iron plates and bound by buckstays (iron rails) and tie- 
rods. In the longitudinal section. Fig. 63, the roof is seen to form a hori- 
zontal line from the fireplace to the beginning of the hearth, aiid to slope thence 
in a straight line to the flues. The hearth, in Figs. 63 to 65, is built up 
differently from that of any other furnace. First a layer of sand is tamped 
down between the furnace walls so as to have the form of a trough inclining 
from bridge to flue. At the well the brick bottom, of red-brick set dry, 
replaces some of the sand. It forms a good support for the brasque bottom, 
which is followed by the slag bottom, consisting of tap-cinder melted down 
in the furnace. This covers the brasque bottom, wherever it would otherwise 
come in contact with working tools, leaving it exposed only at the well 
(Fig. 64). 

During the run some residue adheres to this slag bottom and forms the 
smooth working bottom of the furnace. The hearth is seen in Fig. 65 to be 
trough-shaped from the bridge to the second working door; from there the 

1 Teichmann, ZL Berg. BUtt. Sal. Wes. i. Pr., 1866, xiv, 225. 

Wedding, op. cii., 1871, xix, 157- 

Dobers-Dziegiecki, op. cii., 1884, xxxn, 94. 

Dobers-Althans, op. cit., 1886, xxxiv, 292. 

Saeger, op. cit-^ 1893, xu, 267. 
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front part (Fig. 64) slopes down to the level of the rim of the kettle, the lowest 
part of the well. 

The latest improvements of the Tarnowitz furnace, shown in Figs. 66 and 
67, have been devised to make the work less dangerous and unhealthy. The 
gray slag, when drawn from the furnace, is not now discharged on to the floor 
or into a water-box, exposing the laborers to heat and fume or to explosions, but 
into a slag-pot, d, placed in a niche, a, where the slag may cool and the fumes 
pass back into the furnace through the opening. Further, the fumes issuing 



from the basin after the lead has been tapped into it do not pass into the building, 
but are drawn off by a telescope stack, h. The niche, a, 30 in. wide, 26^ 
deep, and 26}>i in. high, forms an opening beneath the drawing door, b, (to 
receive the slag-pot, d, which is brought on a separable car), the back and sides 
of which are inclosed by brickwork, the roof being formed by a heavy cast-iron 
plate which supports the brickwork and the hearth. The plate has an opening, 
c, in. square (beginning 15 in. from the outside wall), through which the 
gray slag is raked into the pot. It is closed with an iron plate when not in 
use. When the slag is being drawn, the front of the niche is closed by a movablt 
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sheet-iron door, having a peephole; all the fumes from the slag pass through the 
drawing opening, c, back into the furnace. When it has cooled sufficiently, 
the slag-pot is covered with a piece of sheet iron and run out on the car. The 
telescope stack, h, which is balanced by counterweights, is lowered to the posi- 
tion, k, as soon as the lead is to be tapped, when the fumes will pass off through 



VERTICAL SECTION ON LINE E. F, 



’ CROSS SECTION THROUGH DOOR NEAR FIRE BRIDGE 
Figs. 64, 65 and 66. — Reverberatory furnace, Tamowitz, Silesia. 

the stationary sheet-iron pipe, g. The beneficial effect of these improvements 
is shown by the fact that while in the year 1887—88, 28.5 per cent, of the men 
became leaded, in 1891-92 only 0.8 per cent, were thus affected. 

The tools required to work a furnace are four paddles, four large and two 
small rabbles, five shovels (two for lime, two for coal, and one for slag), three 
steel bars (two large ones and a small one), a tapping-bar, a skimmer, a ladle, 
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a sample-ladle, two slice-bars, a sledge, two hammers, and four hooks for hand- 
ling the lead. 

Method of Working . — The furnace, if new, is brought to a dark red heat; 
the damper is then closed and the charge, crushed to pass a 5-mesh sieve, 
dropped from the hopper through the opening in the roof and spread out 
evenly over the hearth by means of rabbles to a thickness of from 3’ to 4 in. 
The fire is fed with cinders, and the temperature never allowed to exceed dark 
redness, say 500° or 600° C. The galena decrepitates, the temperature rises. 



the ore becomes a dark-red, and after from three-quarters of an hour to an 
hour the roasting begins. During this time the charge is turned over once 
with the paddle. The working doors and fire-doors are opened, and the 
damper raised sufficiently to allow SO2 and other gases to pass off. The 
ore roasts on the surface. When the fumes begin to lessen, samples are taken 
to see if a white crust of oxide and sulphate has been formed. This indicates 
that it is time to renew the surface, which is generally done by paddling or 
rabbling every 20 or 25 min., i.a., about eight or nine times during the 3 or 4 hr. 
required for roasting. Care is taken to prevent the ore from clotting. 

Up to 1885 the roasting usually took about 3 or 3^^ hr. but the gradual 
increase of blende in the ore brought the required time up to 4 hr. In 1886 
it became necessary to make a change in working the charge. This could 
be done in two ways. Either the normal time could be prolonged or part of 
the ore roasted separately. The latter method was chosen, and now one-quarter 
of the charge, fine concentrates especially rich in blende, is roasted separately 
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in a long-hearth reverberatory furnace and then added to the ore charge. 
Toward the end of the roasting period from 330 to 660 lb. of carbonate ore or 
flue-dust, with 45 per cent. Pb, are added to increase the amount of oxides in the 
charge. 

The grate is now cleaned, well filled with good coal, and the damper opened 
to raise the temperature. The reactions set in, the roasted ore gradually 
softens, white fumes are given off, and lead begins to flow. Lime is added to 
prevent the lead from carrying down to the well particles of ore floating on top of 
it and to prevent liquefying of the charge. The lime is well worked in and the 
charge then turned over. The furnace becomes filled with fumes of lead, the 
damper is raised to remove these, and fusing of the charge is prevented by regu- 
lating the fire and the damper and by adding a few shovelfuls of lime at a 
time. At from an hour to an hour and a quarter after the reaction has set in 
(3 hr. with a new furnace) the well is full of lead. This is tapped into the 
outside kettle, after the telescope stack has been lowered. The dross floating 
on the surface is skimmed off and put back into the furnace, and the impurities 
held in suspension by the lead are removed by stirring in slack coal (poling). 
This second dross is put aside and the lead ladled into molds. During the 
reaction stage the working doors have to be open on account of the necessary 
rabbling and paddling; thus air enters, cools the furnace, oxidizes the charge, and 
the flow of lead begins to cease. 

At this stage drosses obtained from melting down lead bullion in the desilver- 
izing plant are added. They consist principally of a mixture of PbS and Pb, 
assaying 75 per cent. Pb and 9 oz. Ag per ton. At the same time 1,100 lb. 
of oxides low in Ag, containing from 75 to 80 per cent. PbO and from 19 to 
20 per cent. ZnO are charged. They result from refining lead, desilverized by 
the Parkes process, by means of steam (§252). 

The doors are then closed and fuel is piled up high on the grate to insure 
a smoky flame. This reduces PbS04 to PbS, and soon the flow of lead begins 
again. The doors are opened, the charge is worked, and its liquefying prevented 
as before. From 2H to 33>^ hr. after the first reaction sets in, the well is again 
filled with lead. This is tapped, and lead and dross are treated as before. In 
this way all together five reactions are caused, the amount of lead obtained 
becoming gradually smaller and the charge more dry. Before the last reaction 
takes place the mixture of dross and fine coal, obtained from poling the different 
leads in the kettle, is thrown into the furnace. It is worked into the charge, 
which is then covered with fine coal. The temperature is raised and the last 
yield of lead obtained. The damper is now opened fully and the residue drawn 
from the back of the furnace through opening c (Fig. 66) into the slag-pot. 
Formerly it was drawn into a box filled with water, so as to prevent fumes of 
lead from passing into the building, and care had to be taken to avoid explosions. 
The hearth is repaired with a mixture of crushed residue and slaked lime, which 
is beaten down with the paddle and rammed into holes with a bent bar. When 
this is finished, a little lime is spread over the hearth and a new charge 
dropped from the hopper. The whole reaction period lasts 7 hr. 
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If the hearth should become so incrusted as to raise the charge too high to 
be protected by the firebridge from the direct action of the flame, the tempera- 
ture must be raised so as to soften the accumulated residue that it may be 
removed. A hearth lasts about 3 months. 

The results from 1 year’s (1865) work in a smaller furnace, ii ft. 9 in. by 
10 ft. 10 in., with six doors, and with ore low in blende and without the different 
additions, were: 10,000 lb. of ore (assaying 72.97 per cent. Pb and 21.76 oz. Ag) 
gave 6384 lb. lead bullion (assaying 32.95 oz. Ag); 1592 lb. residue (38.80 per 
cent. Pb and 3.93 oz. Ag) ; 275 lb. flue-dust (50.00 per cent. Pb and 0.02 oz. Ag) ; 
showing that in the reverberatory 87.49 per cent, of the lead and 99.9156 
per cent, of the silver was recovered in the form of lead bullion. Of the 
12.51 per cent, of lead, forming the difference, 9.31 per cent, was recovered in 
the blast furnace, so that the actual total loss amounted only to 3.2 per cent. 

The consumption of fuel was 4,600 lb., or 46 per cent, of the ore charged, 
and of lime 100 lb., or i per cent. Tabulated results are given in §63. 

The following analysis of residue was made by Pietsch in 1865 : PbO 24.375, 
PbS04 13.269, PbSiOs 12.373, ZnO 22.857, FeO 8.957, FeS 1.823, CaO 
1 1. 190, C 4.821, AI2O3 and MnO traces, Ag 0.015 ( = 4.360 oz. per ton) — 
total 99.680 per cent. 

The flue-dust, in 1881-82, forming 2.91 per cent, of the ore charged, had 
according to Dobers and-Dziegiecki the composition given in Table 29. 


Table 29. — Composition Flue-dust at Tarnowitz 



I 

II 

III 

PbO 

. 66.44 

66.53 

65 • 79 

ZnO 

3-77 

4 -SS 

4 -os 

FeaOs 

0.50 

0.30 

0-35 

SO3 

27.48 

27.11 

27.79 

Insol 

2 . 14 

1 . 20 

2.30 

Totals 

. 

100.33 ^ 

99.69 

100 . 28 


63. Comparison of Reverberatory Methods. — To facilitate comparison, 
the main data of the furnaces discussed have been brought together in Table 30. 

In comparing the amounts of ore treated in 12 hr. at the different smelting 
works, the order in which they are placed in the table shows a steady increase 
from Raibl to Tarnowitz. The figure for Tarnowitz, 8250 lb., requires the 
explanation that the charge contains a considerable proportion of oxide ore, 
which shortens the time required for roasting. If the ore were pure galena, 
twice the time, or 8 hr. , should be allowed. This would make the amount 
for 12 hr. 6187 lb. The large amount of ore treated is due to the size of the 
furnace. As to the amount of labor required per ton of ore, the table shows 
that Tarnowitz uses less and Raibl more than any of the other smelting works. 
With fuel the same is the case. As the wear and tear of a furnace depend on 
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Includes smelting residue in the blast furnace. 
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the height of the temperaturCj the Carinthian and Silesian furnaces will out- 
last the English, other things being equal. If, finally, the amount of lead 
recovered is considered, it is clear that slow roasting yields more than quick 
roasting (Carinthian and Silesian vs. English), and that recovering in the 
reverberatory only that amount of lead obtainable at a low temperature and not 
melting the charge, gives a higher percentage of lead (Tarnowitz and Engis 
vs. Raibl and English methods). The inferences to be drawn are clear. They 
are stated by Cahen,i and Griiner^ has formulated them at length. He says 
(Percy s translation) “Rich, pure, nonquartzose ores ought always to be treated 
by this latter (the roasting and reaction) method. The operation ought to take 
place in large reverberatory furnaces, with easy access of air, provided with a 
single fireplace and a receiving basin, internal or external, placed in the least 
heated region of the furnace. The operation ought always to be conducted 
slowly, and to consist of two phases very distinct, roasting and reaction. For 
roasting, the layer of ore must never exceed from 3,15 to 3.54 in. in thickness. 
Roasting is to be effected at a low temperature, and ought to proceed as far 
as the theoretical limit of one equivalent of sulphate, or two equivalents of 
oxide, for each equivalent of sulphide. After the first firing, which produces 
lead, and fresh roastings and firings twice or thrice repeated, the rich residues 
must be withdrawn from the reverberatory furnace, without having recourse to 
ressuage (reduction of rich residue in the same furnace immediately afterward), 
but rather by practicing this ressuage in a blast furnace.” 

The statement of Griiner, made in 1868, retains its value at present as re- 
gards the manner in which reverberatory work is to be carried on; it has become 
antiquated in its advocacy that non-quartzose ores ought always to be treated 
by the roasting and reaction method, because reverberatory treatment has 
been replaced almost wholly by blastroasting followed by blast furnace 
smelting. 

The illustrations of the reverberatory furnaces given represent structures 
which can serve as models only in their general features. In a modern furnace 
the hearth would be built into an air-cooled iron pan supported by cross-bars 
resting on two longitudinal brick walls. This form would keep cool the most 
vulnerable part of the furnace, the bottom; it would draw attention to any 
leakage of lead, which is easily overlooked with a bottom built up solid from the 
foundation. The fmrnace of Coueron, France,'^ represents a somewhat cumber- 
some form of this idea. Further the fireplace in a modern furnace would be 
erected independently of the hearth, and thus allow for necessary expansion 
and contraction. 

^Loc. cit., p. 1 1 7. 

^ Log. cit., reprint, p. 511. 

® “Lead,’’ p. 491. 

* Phillips, J, A.-Bauerman, H., “Elemeats of Metallurgy,” Grif&n & Co., London; Lippin- 
cott & Co., Philadelphia, 1887, p. 591. 
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SMELTING LEAD ORES IN THE ORE-HEARTH 

64. Introduction.^^ — ^This ancient method of treating high-grade galena ore 
has undergone many vicissitudes. At first the only method for working low- 
silica galena ores, it was largely replaced by the reverberatory furnace, and this, 
as has been shown, has seen its best days. Since the introduction of the bag 
house to collect fume, the ore-hearth has taken a new lease of life, so that in 1914 
in Missouri® there were in operation 75 ore-hearths with an annual capacity 
of 230,000 tons galena concentrate. The bag house, however, is costly as 
regards installation and operation. The excellent results that have been ob- 
tained with the Cottrell electric process for the collection of fine dust and es- 
pecially of fume point to the probability of its replacing filtration, as the cost 
both of installation and operation is low. 

With the invention of the Newnam mechanical furnace (§66) the leading 
disadvantages of hard manual labor and of exposure to lead fumes have been so 
diminished that in the near future a larger output in lead than is the case at 
present may be expected. 

The process carried on in the ore-hearth is mainly the roasting and reaction 
process. It resembles that in the reverberatory furnace, with this difference, 
that oxidation and reduction go on simultaneously, and that carbon in addition 
to sulphur acts as a reducing agent, the charge floating on a bath of lead. The 
PbO and PbS04, as soon as formed, react on undecomposed PbS; some PbO 
is reduced by C; and the liberated Pb trickles through the charge into the 
hearth bottom, overflowing into an outside kettle. 

The same conditions are as necessary for the hearth treatment as for the 
reverberatory, with the exception that the Pb-content, usually 70 per cent., 
should not be less than 65 per cent, and the ore should be coai*ser. ® The smallest 
permissible size is that .of a pea, and nut-size is desirable. If fine ore is to be 
treated, it must first be pugged or agglomerated in a reverberatory furnace,^ 
as in the ore-hearth it would be blown away. A hearth requires power and a 
blower, and much lead is volatilized; hence it is not suited for argentiferous ores. 
This rule, while true in a general way, has to be qualified by the fact that silver- 

^ Pulsifer, Min. Eng. World, 1914, XL, 501. 

2 Pulsifer, Min. Eng. World, 1914, xl, 1153. 

* Dwight, Eng. Min. J., 1916, cii, 677, 1026. 

Garlichs, op. cit., 948, 1026. 

Choate, op. cit., 1027. 

* Middleton, Eng. Min. J., 1905, ixxx, 10. 
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bearing ores need not be excluded. The late W. W. Petraeus about 1895^ did 
treat such ores and found that, while some silver was found in the dust, very 
little was detected in the fume.^ With the recovery of dust in flues and of fume 
in bag houses, both of which are treated in the blast furnace, the loss in metal 
by dusting and volatilization is reduced. 

The comparative loss in Pb at Raibl, in 1888,® where ore-hearth and 
reverberatory worked on the same ore, with imperfect means of conden- 
sation, was 10.6 to 7.3 per cent. The ore-hearth requires purer and 
higher grade ore than the reverberatory furnace, but consumes less fuel. 
According to Tunner,^ a furnace similar to the one at Raibl consumed, 
per 100 lb. of galena, 7.31 cu. ft. of wood, while the ore-hearth required 
only 2.90 cu. ft. The ore-hearth has three times the capacity of the air 
furnace. The cost of treatment per ton of ore is the same with a single 
ore-hearth; with several running side by side it becomes less, as only one set of 
men is necessary to run the more powerful engine, and this consumes relatively 
less steam than the smaller one. That the ore-hearth cannot compete with the 
English or Silesian reverberatory furnaces as regards capacity and cost is clear. 
It has, however, one advantage over all reverberatories, that it is quickly started 
and stopped without much consumption of fuel (usually about 5 per cent, of 
the weight of the ore) or loss in heat, and thus serves its purpose in extracting 
at intervals from small amounts of non-argentiferous ore the major part of the 
lead. This is probably the reason why it found such favor in the Mississippi 
Valley, where small amounts of ore were often treated, and still are, by men who 
have mined it themselves. 

The practice in ‘ the different ore-hearths is so very much the same that 
nothing from a general point of view need be said about it. 

The products are similar to those of the reverberatory; there is, ho-wever, an 
intermediary product, a mixture of ore, slag, and fuel, called browse in England, 
which goes back to the charge in the ore-hearth. The gray slag produced 
contains much lead, and is smelted either in an ordinary blast furnace for lead, 
matte, and slag, or in a small blast furnace, known as the slag-eye furnace, if 
white paint is to be produced. The fume, which in former times used to be 
recovered imperfectly, is now collected in a bag house, sintered, and smelted 
either with gray slag and other lead-bearing materials in an ordinary blast- 
furnace,® or with gray slag alone in a slag-eye furnace for white paint and 
waste slag. 

65. Influence of Foreign Matter. — It has already been said that the ore 
subjected to hearth treatment must be purer and richer than is necessary for 
the reverberatory furnace. This is because the foreign matter shows its bad 

^ Private communication. 

^ This plan of treatment has been patented by O. H. Picber, U. S- Patent No- 920-3S8, 
May 4, 1909; Eng. Min. J., 1909, ixxxvni, 256. 

3 Oester. Zt. Berg. Biittenw., 1888, xxxvi, 320. 

^ Leohen. Jahrh. , "It 

® Petraeus, C, Ik $. Pa^£ 5882^ Aug. 17# 1897. 
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influence in a more marked degree. The chemical action is, however, the same 
as that described in §58. 

66. Furnaces. — An ore-hearth, being a low fireplace surrounded by three 
walls with one or more tuyeres at the back, cannot show much variety in con- 
struction or in manner of operating. However, seven different forms have been 
chosen by way of illustration. The Scotch, the Rossie, the Eagle-Picher, the 
Original Water-back, the Moffet, the Modern Water-back, and the Newnam. 



Figs. 68 to 76. — Scotch ore-hearth, Newcastle, England. 


I. The Scotch Ore-hearth.^— Yigs.^ 68 to 70 represent the furnace used by 
Messrs. Cookson & Co. near Newcastle, in the North of England. The cast- 
iron hearth-box or well, a, which holds the lead, is set in brick-work, q. It is 
2 ft. from front to back and about 2 ft. 6 in. wide; it is i ft. deep and holds about 
2 tons of lead. In some furnaces the depth is only 6 in. and the capacity of 

1 Percy, “Lead,” p. 278. 

Sexton, Eng. Min. J., 1895, lec, 175. 

Middleton, op, cit., 1905, ixxx, 10. 

2 “Eighth Annual Report of the Local Government Board,” 1878-79, supplement contain- ! 
ing the Report of the Medical Officer for 1878. London. 1879, p. 281, 
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the well about 1,340 lb. of lead. The work-stone, g, an inclined plate, is cast 
in one piece with the hearth-box. It has a raised border on either side and at 
the lower edge, and a groove, h, which leads the overflowing lead toward the 
kettle, i, heated from a fireplace, j, below, the gases passing off through a flue 
into the chimney, 1 . On either side of the hearth-box and resting on it is a 
cast-iron block (bearer), n. Another cast-iron block, o (back-stone, pipe-stone), 
is placed at the back. It is perforated for the passage of tuyere b, which enters 
the furnace about 2 in. above the surface of the lead in the box. Upon 0 rests 
the upper back-stone, also of cast-iron. Thus lead and ore are entirely sur- 
rounded by cast-iron. The fore-stone, m, appears to be rather small. The 
brick shaft, c, carries off the fumes; at the back is a ‘‘blind flue” or pit, d, form- 
ing a sort of dust-chamber, to be cleaned through door e, the gases passing off 
upward. On the side of the shaft is the feed-door, k, for the introduction of fuel 
in front of the tuyere and the removal of any slag adhering to it, the charge 
being fed from the front. The hearth has at the front a shutter, /, sliding in a 
grooved frame, r; it is raised and lowered by means of counterpoise s. Peat, 
formerly used as fuel, is now replaced by bituminous coal. 

It is characteristic of the method of working in the Scotch hearth that the 
process is discontinuous. After smelting from 12 to 15 hr. the hearth be- 
comes too hot and must be allowed to cool for about 5 hr. before work can 
be started again. 



Figs. 71 and 72,' — Rossie or air-cooled ore-hearth. 


2. The Rossie or Air-cooled Ore-hearth ,^ — This hearth, shown in Figs. 71-72, 
was formerly in use at Rossie, N. Y., with wood as fuel; it is in operation in 
the Mississippi Valley in a modified form. The cast-iron hearth-box, A, is 
24 by 24 in. and 12 in. deep, and the casting 2 in. thick. The cast-iron work- 
stone, B,is $2 in. wide and 22 in. from front to back; it has flanges on the sides, 
slopes I in. in 12 in., and is provided with a diagonal groove in which the lead 
flows from the hearth to the cast-iron kettle, C, set over a fireplace. The cast- 
iron air jacket, D, is 14 in. high and 6 in. wide; with the casting about 0.75 in. 

1 Anon., Am. J. Sc. and Arts^ 1842, xxn, 169. 

Percy, “Lead," p. 289. 
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tMck, there is left an air-space 12.5 by 4.5 in. The blast enters at E, passes 
through D, leaves at F, and is delivered to the tuyere opening, G, 2 in. above the 
top of A. By this arrangement the sides and back of the hearth-walls are air- 
cooled, and the blast is heated. 

The characteristic of the mode of operating was that the hearth could be 
worked continuously; hence its smelting power was greater than that of the 
Scotch hearth, but the hot blast caused greater loss of lead by volatilization. 
For this reason the hearth was abandoned. Data are assembled in Table 32. 
In our days all the fumes are recovered; the heating of the blast by this simple 
means is not out of place as is seen by its reintroduction at Granby and Webb 
City, Mo., and Galena, Kans. The furnace was in operation in 1906 at 
several Austrian smelteries. ^ Thus, Gailitz had six furnaces built around a 
central chimney, Scherian has two similarly placed, and Kreuth two. Wet 
condensation of fumes is common at these plants. 



Figs. 73 and 74. — Eagle-Picher Lead Company ore-hearth. 


3. The Eagle-Picher Lead Co. Ore-hearth . — ^This modern form of air-cooled 
ore-hearth is shown in Figs. 73-74. The hearth, 5 ft. 5 in. long and 1 ft. 8 in. 
wide, has air-cooled sides and back; the blast is thereby heated for the tuyeres. 
The lead-pot is placed on one side, the slag-box, provided with a sprinkler on 
the other. Furnaces are set back to back with an intervening space 3 ft. wide. 
The hoods which carry off dust, vapor, and gas end in a main flue which is 
provided with hoppers placed between pairs of furnaces. From them dust is 
drawn off into carts. The fume is collected in a bag house which contains for 
every furnace 280 bags 18 in. in diameter and 32 ft. long. The blue powder 
collected by the bags is burnt in the usual way and smelted with gray slag in a 
slag-eye furnace for sublimed lead paint. The blast pressure in the furnace is 
7 oz. per square inch and over. 

^ Government Report on “Bleivergiftungen, etc.,” HSlder, Vienna, 1905; abstract, Min. 
Ind., igo6, xv, 533. 
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In 24 hr. the ore-hearth treats 28,000 lb. lead ore assa5dng 75 per cent. Pb; 
requires 12,000 lb. coal and 4000 lb. lime; and produces 1200 lb- metallic lead, 
4,200 lb. gray slag, 2240 lb. flue-dust, and 5040 lb. fume. Data of the ore- 
hearth are assembled in Table 32. 

4. The Original American Water-back Ore-kearthI — Figs. 75 and 750“ show 
the larger sized furnace with three tuyere-holes, m, at the back, where the older, 
smaller form had only one. The hearth-box, e (filled with lead, the charge of 
ore and charcoal floating on top) is set in brickwork, n. It holds about 
2500 lb. of lead. The work-stone, g, leading to the kettle, h, forms a separate 
casting from the hearth-box. The three sides of the furnace are formed by a 



Figs. 75 and 75a. — Original American water-back ore hearth. 


water-cooled cast-iron jacket, cc, in. thick, called a tuyere-plate, resting 
on the hearth-box. The water enters at i, and passes out at k. At the back of 
the tuyere-plate is the .wind-box, b. The blast enters this at a, and passes 
through three wrought-iron tuyere nozzles, d (from i to i34 in. in diameter), in 
tuyere holes, m, into the hearth, at from i to 3 in. above the level of the lead. 
The hood placed over the furnace to carry off the fumes and gases is not shown 
in the drawings. 

The work in the American ore-hearth is continuous, as distinguished from 
the Scotch hearth. This is made possible by water-cooling the sides of the fur- 
nace, an arrangement which protects the castings and the tuyeres. The fuel 
used is wood, charcoal, and bituminous coal. Data are assembled in 
Table 32. 

5. The MoJ^et Ore-hearth^ (Figs. 76 to 79). — In Figs. 76 and 77 the 

1 Williams, “Industrial Report, Geological Survey of Missouri,” 1877, P- Tr.A. I. M. E-, 
1876-77, V, 324. 

2 Broadhead, “ Geological Survey of Missouri,” 1873-74, p. 492. 

® Dewey, Tr. A. I. M. E., 1889—90, xvrcr, 674. 

Clerc, JSwg. ikfm- J- i885,xl, 4. 

Ramsay, Scientific American Supplement, May 14, 1887, No. 593. 

Holibaugh, “Lead and Zinc in Missouri,” New York, i895» P*.37* 
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furnace is seen to rest on four pillars. The hearth-box (lead basin) is not set 
in brickwork, and the lead is thus kept cool. Two furnaces are set back to 
back, the fumes passing off under one hood. The lead runs through a separate 
spout near the top of the work-stone into a cast-iron kettle 31 in. in diameter 
and 44 in. deep, not shown in the drawings. It is set in a cast-iron cylinder and 
heated from below, one cord of wood a week being required for the purpose. 
The two furnaces work independently. On the floor of the lead basin rests the 



SECTION, SHOWING TUYERES 

Figs. 76 to 79. — MofFet ore-hearth. 


partition-box, having an opening near the bottom for the lead to enter. It 
serves as a support for the water-box, which cools the hottest part of the fur- 
nace, and upon which rests the air-box, consisting of two separate chambers 
(Fig. 78), where the heated blast passes down through the water-box by means 
of fourteen i-in. copper tuyere pipes, seven on either side. The working open- 
ing is 15 in. high. A No. 5 Baker blower furnishes the blast. The fuel used 
is bituminous coal. 

The combined use of water- and air-cooling is to protect the casting in con- 



SMELTING LEAD ORES IN THE ORE-HEARTH 


103 


tact with the charge and to preheat the blast. The hot-blast saves fuel and 
increases smelting power, but it also increases volatilization of lead. The 
latter is of no detriment as long as the fume is to be converted into white 
paint, the lead-content of which brings a higher price than when in the 
metallic state. 

The double ore-hearth, which is compact and saves space, piping, etc,, has 
not found much favor, as the work of the front man interferes with that of the 
back man. At present most furnaces are single and are placed in a single row 
whenever this is possible; a double row% however, has its adv^ocates. 



Figs. 80-82. — Tools used with the ore-hearth. 


The tools, a long-handled round-pointed shovel, a paddle (spud), and a 
square bar (poker) are showm in Figs. 80 to 82. There are further required 
a ladle and a skimmer for the lead. With the Scotch ore-hearth^ the round- 
pointed shovel is used at some works for ore only, and a square-pointed one for 
working in the furnace; then a short scraper is introduced through the feed- 
door to remove slag adhering to the tuyere nozzle. 

6. The Modern American Water-back Ore-hearth. — The characteristics of 
this furnace are, that the cast-iron hearth-box is supported by short columns 
or a cast-iron frame in order to air-cool the lead; that the upper sides are two 
water-cooled castings; that the inside working length does not exceed 4 ft.; and 
that there are provided two hoods, an inner and smaller for carrying off dust 

^ Percy, *^Lead,” p- 282. 
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and the bulk of the fume by means of a suction fan, and an outer for remov- 
ing the remaining fume by natural draft. Such a furnace is shown in Fig. 98. 

7. The Newnam Mechanical Ore-hearth .^ — The idea of replacing the ardu- 
ous and unhealthy hand-labor at the ore-hearth by some mechanical device 
has been held by many operators. For example Brown^ patented^ a device 
which, however, did come into practical use. The only successful apparatus 
so far is that of Newnam constructed at the works of the St. Louis Smelting 
& Refining Co., Collinsville, 111 ., put into operation there, and since adopted by 
other plants. It is shown in Figs. 83-97. Figs. 83 and 84 give a front and side 
elevation of the furnace; Figs. 85 and 86 horizontal and vertical sections of the 
lead basin; Figs. 87-89 elevations and sections of the middle water-jacket; 
Figs.' 90-92 elevations of the right and left end-jackets and section of the right 
end-jacket; Figs. 93-95 details of the cast-iron stand supporting the lead basin; 
and Figs. 96-97 perspective views of the furnace with rabbling mechanism at 
beginning and end of trip. 

The basin, a, Figs. 85 and 86, is 8 ft. long, 19.5 in. wide at the top and 10 in. 
at the bottom, and 10 in. deep; it has a vertical back and a sloping front. The 
sides of the furnace are cast-iron water-jackets provided with lugs which fit 
into similar projections of the basin. There is a middle jacket, h, Figs. 87-89, 
3 ft. ir.5 in. long and 18 in. high, which has a water-space, 4 in. wide, and eight 
tuyeres, in. in diameter. The right and left side- jackets, c, Figs. 90 and 
91, axe cast in one with the end-jackets, d, shown in elevation in Fig. 92. The 
right and left jackets each have four tuyeres, making for the furnace a total of 
12 tuyeres. From the basin, a, Fig. 85, the lead is discharged into the molds of 
a molding car. Fig. 96, through the siphon tap, e, Fig. 85. 

The inner and outer hoods, Figs. 83 and 84, are the same as those to be dis- 
cussed in connection with Fig. 98. Details of the cast-iron frame supporting 
the lead basin are clearly shown in Figs. 93-95. 

The furnace with the mechanical rabbling device is represented by the 
perspective illustrations, Figs. 96 and 97, because a comprehension of the details 
requires a large number of drawings which are out of place here. The rabbling 
machine is hung from an overhead traveling carriage, 3 ft. long with a gauge 
of 3 ft. 10 in. The steel frame supporting the carriage is 14 ft. 6 in. by 4 ft. 
1.75 in. and 7 ft. 8 in. high. Assuming that the carriage is at rest at the right 
end of the hearth, Fig. 96, a lever is pulled to start the machine on its path to 
the other end during which the rabble-arm is given a motion similar to that of 
the hand-rabble. When the rabble-arm is withdrawn from the fire, the cra- 
riage moves forward a distance of 4 in., and starts the arm on the next stroke. 
When the carriage has arrived at the opposite end of the furnace. Fig. 97, it is 
stopped automatically, the rabble-arm is withdrawn, and the carriage returned 
to its original position. In Fig. 97 is shown a i-h.p. motor which is connected 
through gearing with the main shaft. This carries at its left extremity a 

^ Tr. A. I. M. E., 19x6, Liv, 485. Private Notes, July, 1916. 

* Tr. A. I. M. E.f 1911, XLii, 402. 

^ y. §. Pa-tent No. 888582. May 26, 1908. 
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crank-pulley to which is attached the rabble-arm; the latter is supported by a 
rest and thrown in or out of action by means of a tooth-clutch. The main shaft 
carries a sprocket-wheel which rotates by means of a chain a counter-shaft in 



Fig. 96. — Rabbling machine at beginning of trip. 



Fig. 97. — Rabbling machine at end of trip. 


the carriage; the latter has a toothed clutch and drives by means of a bevel 
gear, Fig. 97, one axle of the carriage when this is to move from right to left. 
The main shaft carries also an excentric. Fig. 96, which is connected through 
three levers (one straight- and two angle-) with a ratchet and pa.wl to drive' the 
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other axle of the carriage when it is to travel from left to right. The motion 
of the carriage is automatically stopped and reversed at either end of its trip. 

While the mechanical arm rabbles the charge, one man (the helper) follows it, 
pushes back loose charge with a long-handle shovel, and picks out gray slag and 
delivers it on to the apron plate. He is followed by a second man (the charger) 
who transfers the gray slag to the water-box, spreads a thin layer of ore on to 
the charge as fast as it is shoveled by the helper, and adds coke-breeze as needed. 
By the time the trip down the hearth has been completed, the ore first charged 
is ready to be rabbled. 

In front of the hearth is suspended a Wiegand chain screen^ to protect the 
men from heat. It consists of a number of strands of steel chains suspended 
closely from a bar so as to form a curtain similar to a Japanese screen. Data 
comparing the work with the hand-hearth are given below. 

67. Mode of Operating. — ^With a new hearth a fire is first kindled wdth 
wood; then coal is added, and the blast started. This will soon set the fuel in a 
blaze; more coal is then added, ashes and clinkers are removed, and in a short 
time a body of glowing fuel is obtained, filling the entire hearth. Some residue 
from a previous run is then spread over the back part of the fire and the first 
charge, from 10 to 20 lb. of ore, given. This soon becomes red hot, and the lead 
that is set free trickles through the body of the fuel and collects on the bottom. 
More ore is added. The contents of the hearth are then lifted up with the poker 
and kept open in order that the heat may be distributed through the entire 
mass. Parts that have become melted and form lumps are drawn out with the 
shovel or spud on to the work-stone, the slag is separated from rich residue 
and thrown into a water-box, while the residue is returned to the furnace. 
Ore and fuel are again added, and the operation continued until the hearth 
is full of lead. 

If, in the regular course of operating, the work on a hearth is to be stopped, 
the charge floating on the lead is raked off, and the lead in the hearth-box 
allowed to solidify. In working such a furnace again, the lead is melted in 
about I hr. by starting a fire with wood or charcoal, and then keeping it 
going with coal. 

The hearth is now in normal working order; it is filled with lead, and glow- 
ing fuel, mixed with partly fused and partly reduced ore, floats on top of it, 
as seen in Fig. 75. 

With the Scotch ore-hearth from 12 to 30 lb. of ore are mixed with 
2 per cent, of lime, spread over the glowing floating mass, and then covered 
with a little fuel. The charge is now exposed for from 3 to 5 min. to the action 
of heat and blast, and the blast shut off. After this, one of the furnace-men in- 
serts the poker at different places into the lead, loosens and stirs the charge, 
and raises it slowly, for which purpose the spud is sometimes used. The other 
man draws the semi-fused mass out from below with the shovel upon the work- 
stone; this allows the ore on the surface to sink down. What has been drawn 
upon the work-stone is broken up and the slag separated from the half-d 

1 J. Ind. Eng. Chsm., 191^, vm, 836. 
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posed ore. The former is thrown aside (sometimes into a water-box) ; the latter 
goes back to the furnace, slaked lime being spread over it, if necessary. Any 
slag adhering to the tuyeres is then removed; some fuel is distributed in front 
of them and over the charge; fresh ore is spread on the fuel, and this again 
covered with fine fuel; then all is ready for a second operation. As the 
smelting proceeds, the bulk of the lead thatisset free trickles through the charge 
into the hearth-box and overflows through the groove in the work-stone into 
the kettle. Here it is sometimes poled before being ladled, syphoned, or drawn 
off through a spout into molds. Some lead passes off with the fumes and the 
rest goes into the slag. 

Pattinson’^ calls attention to the following points in managing the ore-hearth. 
The amount of blast and its distribution through the entire charge should be 
carefully regulated, the half-reduced ore should be exposed on the work-stone to 
the oxidizing action of the air, and the additions of lime and fuel judiciously made. 

With American ore-hearths the blast is not shut off every 3 to 5 min., 
but works continuously, and the process is therefore not interrupted. The 
first step in normal work is to spread a few shovelfuls of coal over the fire, 
and then five or six shovelfuls of ore mixed with from 0.5 to i.o per cent, 
lime. The fire is left undisturbed for from i to 1.5 min., during which time 
the charge is more or less oxidized, the flame breaks through, and the surface 
of the charge becomes incrusted. The poker is thrust by the charger over the 
edge of the basin into the lead, and the slightly caked mass lifted and loosened. 
He begins at one, say the right, end of the furnace and proceeds slowly to the 
left. At the same time the helper, following him, picks out with a shovel 
glowing fuming lumps (gray slag) that have been formed, places them on the 
apron, and then tosses them into the water-box. The helper now exchanges the 
shovel for the paddle and loosens the fire a second time, while the charger fol- 
lows him and picks out newly formed slag with the shovel. Lastly the paddle 
is laid aside, and the shovel used to remove most of the remaining slag. When 
this is done, new coal and new charge are fed. The whole operation lasts 
about 2 min. The men rest from i to 1.5 min., during which time the charges 
become partly oxidized and caked. 

The charge is made up of either galena alone or a mixture with sintered bag- 
house fume. Formerly slaked lime was used exclusively as flux; with the re- 
placement of bituminous coal by coke-breeze, the greater heat generated by 
the combustion has permitted the use of limestone, which works satisfactorily 
under the new conditions. The amount of fuel used ranges from 4 to 8 per cent, 
of the ore mixture. 

The work is very exacting, as it is essential for success that the charge 
remain open in order that the blast may easily penetrate all parts. Usually 
there are employed two men to a hearth on an 8-hr. shift; at Granby there work 
four men on a single shift of 9 hr., one pair relieving the other at short intervals. 
The better the stirring, the larger is the smelting power of a furnace, and the 
greater its production. In most plants the amount of metallic lead produced 
1 Percy, “Lead,” p. 288. ' 
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by a crew during its shift in summer is lower than that in v^'inter. Thus, from 
the normal amount of 7,000 lb, ore to be worked per shift of 8 hr., the men 
extract 50 per cent, metallic lead in summer, while in winter the figure may 
reach 60 per cent. 

The lead set free in smelting sinks through the fire and collects in the basin. 
In order to make it overflow freely through the channel into the collecting-pot, 
the shovel is forced through the charge into the lead and then moved up and 
down, a pumping motion which raises the lead and causes it to flow readily into 
the channel. In the pot the lead is drossed and then cast into 80- or loo-lb, 
bars; the dross goes back to the furnace. The lead is cleaned by liquating 
and poling, and is then cast into market bars, unless it is to be desilverized as 
at Collinsville and Federal, 111. 

The mode of operating with the Newnam mechanical ore-hearth is the 
same as that in a hand- worked hearth except that the stirring is done by ma- 
chinery as shown in §66.^ In a comparative test of 4 w'eeks' duration with 
a galena concentrate assaying Pb 72.5 and S 15. i per cent., the Newnam 8-ft. 
ore-hearth treated 13,179 lb. ore, produced 6443 lb. pig lead and 3318 lb. gray 
slag (Pb 43.7, FeO 12.8, CaO 9.9, S 1.9, Insol 12.6 per cent.), used 3.6 per cent, 
coke-breeze, and made 37.2 rabble- trips per hour. The figures for the 4-ft. 
hand ore-hearth were; ore 5091 lb., pig lead 2030 lb., gray slag 1329 lb. 
(Pb 45*0, FeO 12,2, CaO 9.0, S 2.6, Insol 12.2 per cent.), coke-breeze 
8.8 per cent. Of 100 lb. lead in the ore, the Newnam hearth recovered 67.44 
as pig lead, 15.18 as gray slag, and 17.38 as dust and fume; with the hand ore- 
hearth the figures were, pig lead 55.00, gray slag 16.20, dust and fume 28.20. 
In the gray slag produced by the parallel tests, the lead ^vas present as PbSO^ 
lo.o, PbS 6, PbO 25.0, Pb 8.5, total 49.5 per cent. Dust and fume were formed 
in the proportions of i lb. dust to 2 lb. fume. The dust assayed Pb 62.0 and 
S 1 1. 1 per cent.; the lead in it was distributed as PbS04 18.9, PbS 55.4, PbO 
2,0 per cent. The burnt fume assayed, Pb 76.0 and S 5.9 per cent., the lead 
being distributed as PbSOi 53.6, PbS 1.2, and PbO 41.5 per cent. The 
S-elimination with the Newnam hearth was 87.9 per cent., with the hand 
hearth 80.6 per cent. 

Treatment of a galena concentrate with Pb 82.0 and S 11.2 per cent, gave 
per 8-hr. shift the following figures, ore 14,436 lb., pig lead 10,790 lb., gra^^ slag 
1075 lb., coke-breeze 2.4 per cent., crushed limestone 2.0 per cent. The 
percentage of lead recovered in the products was, pig lead 91.15, gray slag 
4.25, dust and fume 4.60 per cent.; the S-elimination w'as 94.7 per cent. 

Smelting flue-dust (Pb 62 per cent.), pugged with lime, and burnt bag-house 
fume (Pb. 76 per cent.), and mixed to contain 76 per cent. Pb, and using 10 
per cent, coke-breeze to make up for the lack of sulphur, gave as pig lead Si .3 
per cent, of the Pb charged, as gray slag (Pb 32.4, FeO 14.7, CaO ii.i, S 1.2 
Insol. 18.7 per cent.), 10 per cent., and as fume 8.7 per cent. 

The yield in pig lead and the elimination of sulphur are greater in the New- 
nam than in the hand hearth, the work is easier and less unwholesome, and the 
cost a great deal less. 
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68. Plants.— In a modern plant the hearths usually stand separately in a 
single rowin the hearth-building. In front and back are tracks, on the front track 
arrive concentrates, fuels, and fluxes to be emptied into wooden boxes or bins; 
on the back track are taken away on trucks the bars of lead, and in cars the gray 
slag. Back of a row of furnaces runs the blast main from which branoh-pipes 
deliver the air to the furnaces. On the left side of a furnace is a branch-track 
for the slag-car, and on the right the lead-pot and frame to support the molds. 
Each hearth has a small inner hood which rests on the side-jackets and is con- 
nected with a fan, and a large outer hood which carries off by natural draft the 
fumes, arising from the gray slag, and other gases. The stove-pipe which forms 
the chimney for the fireplace of the lead-pot extends into the outer hood and 
thus furnishes the necessary draft. 

The gases from a row of furnaces pass either into a dust-chamber and thence 
into the main flue, or go direct into the main flue, which serves as dust- 
chamber. They travel then through a series of inverted U-shaped pipes (goose- 
necks), which cool the gases and cause the larger part of the dust to settle, and 
enter the suction fan. This draws the gases from the furnaces through the 
cooling and settling devices mentioned and delivers them to the bag house, 
where the remaining dust and all the fume are filtered. In plants whicn smelt 
the gray slag from the ore-hearth with the sintered bag-house product in an 
ordinary blast furnace for lead, matte, and slag, the gases from the blast fur- 
nace usually enter the main flue of the ore-hearth near the fan, and are filteredl 
By this manner of operating, the losses in lead have been reduced to a tota 
of 2 per cent. 

Table 31 by Pulsifer^ gives the leading facts of the condensation plants of 
five modern ore-hearth smelteries. 

Table 31. — Collection of Ore-hearth Fume 



,Federal, 

Galena, 

Collins- 

Granby, 

Webb City, 


111., 1901 

1902 

1903 

Mo., 1904 

Mo., 1910 

Flue, ft. 

1,794 

800 

600 

950 

1,150 

Serves. . 

Hearths 

Hearths 

Hearths 

Hearths 

Hearths and 

Fan, kind. 

Buffalo 

Buffalo 

and blast 
furnace. 

Am, 

cupola 

Buffalo 

Fan, diam., in 

134X68 


196 

Blower 

Co. 

96X36 

100 

Bag house material above brick 
cellar 

Brick 

Wood 

Brick 

Sheet iron 

Wood 

Bag house, size, ft 

60X150 

68X100 


42X90 

S<5X75 

Bag house, compartments, No.. . 

I 


4 

I 

I 

Bag house, cellars 

6 


20 

8 

s 

Bags, No 

1,614 

680 

2,160 

640 

720 

Bags, material 

Cotton 

Cotton 

Cotton 

Cotton 

Cotton 

Bags, size, in. X ft 

18X26 

18X30 

18X36 

18X30 

18X25 


Min. Eng. World, 1914, XL, 502. 
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Some details of these plants are the following: 

1. Federal, III! — The ore treated is a galena concentrate averaging Pb 70, 
CaO and MgO 4, 810-2 2, Cu 0.15, S 13, Zn 2.5, FeO 5 per cent. There are in 
operation 30 ore-hearths placed in a row, and 16 ft. apart. An ore-hearth is 
4 ft. lortg; has a lead basin 10 in. deep, 13.5 in. wade at the bottom, and 18% in. 
at the top; and a cast-iron work-stone 16% in. wide. On top of the basin 
rests the cast-iron water-jacket, which is 5 ft. long, 2 ft. 4 in. wide, 1 ft. 4 in. 
high, and consists of two sections joined at the back by lugs; the castings are 
I in. thick and have a 4-in. water-space. The back-jackets have eight i-in. 
tuyere-holes 2 in. above the basin. Air is supplied from a 5-in. blast-pipe 
connected with a 12-in. main. On the jackets rests a small inner hood, and a 
larger one is suspended from the structure of the building. To the right of the 
hearth is the coal-fired lead-pot. The fuel used is coke. Two men work in an 
8-hr. shift. A hearth treats 7000 lb. ore in a shift. There are produced in 
winter 24 and in summer 18 100-lb. bars of lead in a shift; the >deld in lead as 
metal averages 50 per cent.; the coke consumption is about 8 per cent, of the 
weight of the ore. The ore-hearth and blast furnace leads are freed from drosses 
in two liquating reverberatory furnaces with brasqued hearths, 6 ft. 2 in. by 
7 ft. 8 in., and fire-boxes 3 ft. 9 in. by 2 ft. 7 in. The lead 'runs into a 40-ton 
kettle to be poled with air, skimmed, and then siphoned into molds placed on a 
horizontal rotating casting table, 

2. Galena, KansS — The ore, a mixture of sulphide and oxide lead ore, with 
from 2 to 10 per cent, blende, assaying about 70 per cent. Pb, is smelted in four 
ore-hearths, 5 ft. long, having air-jackets. The fuel used is coal ; lime is added 
to the charge. Two men treat 7000 lb. charge in an 8-hr. shift; from 40 to 
60 per cent, of the lead is recovered as metal. The lead from the kettle near 
the hearth is ladled into a two- wheel pot, transferred to a 4.5-ton cast-iron 
kettle, with discharge-spout at the bottom closed by a cock, poled with fag- 
gots, and molded. (See also Tables 31 and 32.) 

The works were destroyed by fire in 1916, and are to be rebuilt with New- 
nam hearths. 

3. Collinsville, III.^ — The galena concentrate smelted assays Pb 68, CaO and 
MgO 3.0, Insol. 4.0, Cu o.i, S 14.0, Fe 4 per cent, and Ag i oz. per ton. Up to 
1915 there were in operation 24 ore-hearths, similar to those in use at Federal 
(see above), but placed in two rows back to back with flue between, ’which 
ended in a horizontal main. These hand-hearths have been replaced by 16 
Newnam mechanical hearths (§66'0. 

The leading features are given in cross-section in Fig. 98. This shows two 
rows of ore-hearths, a. With the hearth to the right is seen the cast-iron frame, 
h, which holds the molding kettle and has a fireplace for keeping the lead 
liquid; the fire-gases pass off through a stove-pipe, c, ending in the stack of the 
outer hood, d. Between the two rows of furnaces is placed the blast-pipe, e, 

1 Pulsifer, Min. Eng. World, 1913, xxxnc, 375. 

® Brinsmade, Min. Eng. World, 1909, xxxi, X029. 

,xxxix,68x.. 
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from which bratiches, / and/^, deliver to the furnaces. The water-main, g, with 
branches, g' and g", furnishes cooling-water to the jackets. The gas-main, h, 
with gas inlet-pipes, i and i', dehvers dust through outlets, into hoppers, k, 
provided with gates, Z, from which it is discharged into cars, n. A hearth has 
two hoods. The inner hood, o, placed directly over the hearth, carries dust. 



fume, and gas through pipe, i, into gas-main, h‘j the outer hood, p, attached to the 
inner, draws stray fumes away from the furnace-men into the open through a 
sheet-iron stack, g, 36 ft. high measured from the furnace-floor. 

Two men work in an 8-hr. shift. Coke to the extent of 4 to S per cent, serves 
as fuel; no lime is used. A hearth treats in 8 hr. 7000 lb. concentrate and 
produces 6200 lb. pig lead, which is approximately 55 per cent. ; of the remainder, 
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1 6 per cent, goes into gray slag, and the rest (29 per cent.) into dust and fume 
collected in the bag house. 

The ore-hearth and blast furnace leads were formerly softened together for 
12 hr. in a reverberatory furnace with hearth 18 by ii ft. and 16 in. deep, 
holding 120 tons lead, and fire-box 8 by 12 ft.; the firebridge was water-cooled. 
There were produced 2.5 per cent, dross and i per cent, skimming. At 
present the lead is cleaned in two 5-ton kettles and desilverized by the Parkes 
process (§231) in four 6o-ton kettles. The desilverized lead is freed from 
Zn in 12 hr. in two reverberatory furnaces (hearths, 10 by 13 ft.; fire-boxes, 

2 by 7 ft.) each holding 55 tons, tapped into corresponding poling kettles, and 
siphoned into molds resting on a casting- wheel. (See also Tables 31 and 32.) 

4. Granby, Mo,'^ — The ore, a galena concentrate mixed with sintered fume, 
is smelted in five ore-hearths, 4 ft. long, 15 in. vdde, and 10 in. deep, provided 
with water-jackets 12 in. high. A furnace has four tuyeres pointing do vm ward; 
the apron plate is 18 in. wide. The furnaces are worked only during the day, 
from '6 a. m. to 4 p. m.; four men tend a furnace, two working at a time for 
20 min. At 6 a. m. a charcoal fire is made on the frozen lead in the basin, and 
coal added; at 7 o’clock the lead is liquefied and heated. Now ore mixed with 
lime is spread over the glomng fire and worked in the usual way, only with 
more vigor and more coal. Air-blast on the floor and higher up serves to keep 
the men cool. The blast pressure for the furnace is from 6 to 8 oz. ; the higher 
pressure is used with oxide ore prevailing. A furnace treats during the day 
14,000 lb. charge, requires 2 bu. lime, consumes — lb. coal, extracts 75 per cent, 
of the lead as metal, makes 2000 lb. gray slag with 40 per cent. Pb (=10 per 
cent, of the lead of the charge) which is sold, and 480 lb. fume with 55-60 per 
cent. Pb (=15 per cent, of the lead of the charge). (See also Tables 31 and 32.) 

5. Webb City, Mo^ — The ore, a galena concentrate with 80 per cent. Pb, 
is treated in six air-cooled ore-hearths standing in a row, each covered by a 
single hood ending in a pipe provided with a damper. The pipes lead into a 
main connected with a fan. A hearth is 60 in. long, 18 in. wide, and 7 in. deep. 
The fuel used is coal. Two men tend a furnace in a 6-hr. shift. Between 
shifts the lead is allowed to freeze. Each shift treats 7000 lb. ore mixed with 
400 lb. lime. Of the lead in the ore, 65 per cent, is recovered in the hearth, and 
34 per cent in the blast furnace. The lead is re-melted in a kettle holding 9900 
lb., poled, and drawn off into molds which rest on a car traveling on a track. 
The plant was idle in 1914. 

6. Joplin, Mo . — The plant of the Lone Elm works are taken up in §70. 

7. Galetta, Ont. — A new plant with the Newnam ore-hearth has been put into 
operation at Galetta, Ont. The plant® is shown in plan, elevation, and section 

^ Perkins, Eng. Min. J., 1907, xxxiv, 388. 

Buskett, Min. Eng. World, 1908, xxrx, 917* 

Pulsifer, op. cit., 1914, xL, 450, 501. 

2 Ruhk Min Eng. World, iqio, xxxm, 1047. 

Wittich, Mines and MineralSi 1911- xxxi, 709? with, plan of .works, 

® Newnam, . 4 . /. ilif. E., April, 191 
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in Figs. 99-101. It contains the hearth-house with a single hearth, 8 ft. long; 
a drossing kettle with molding apparatus; and the necessary bins for ore, coal, 
and coke. The gases from the hearth pass through four goose-necks, placed in 
parallel, in which the temperature is greatly reduced; travel through a balloon 
flue 300 ft. long provided with discharge-hoppers; enter a No. 10 Sirocco 
exhaust fan which delivers 8000 cu. ft. per min., at a temperature of not over 
87° C., to the bag house with 99 cotton bags, 18 in. in diameter and 30 ft. long. 
The dust from the goose-neck, hoppers, and flue-system is collected in closed 
buggies, pugged with lime, and bedded with the galena concentrate and the 
burnt bag-house dust and fume. The power required is 15 h.p. 



Figs, gg to loi. — Plan, elevation and section, Newnam Ore-hearth Plant, Galctta, Ont. 


The ore treated is a mixture of 50 per cent, jig- and 50 per cent, table- 
concentrate averaging Pb 79.0, Insol. 0.6, Fe 1-2, CaO 0.8, Zn 2.0, S 14.0 per 
cent., and Ag 1.14 oz. per ton. The ore is mixed with from 2 to 3 per cent, 
finely crushed limestone, and about 3 per cent, coke-breeze. 

The hearth produces daily about 15 tons of lead. The lead contained in the 
products is, pig lead 74 per cent., gray slag 12, and dust and fume 14 per cent. 
The pig lead assays Pb 99.95, Cu 0.03 per cent., and Ag 5.06 oz. per ton; the 
gray slag, Pb 41.0, Insol. 11.2, FeO 13.0, CaO 11.6, S 1.7 per cent. The slag is 
stored and shipped when enough has been accumulated. The lead loss is 1.5 
per cent. The hearth is worked by two men on a shift; there are 14 nxeu, in the 
plant. 
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6 g. Examples of Smelting in the Ore-hearth. — In Table 32 are assembled the 
dimensions and workings of ore-hearths treated in the text as well as of others 
taken from the technical literature. 

70. Products and Their Disposal. — ^The products of the ore-hearth are lead, 
gray slag, flue-dust, .and fume. 

1. Lead. — The bars of lead which are ladled from the pot next to the ore- 
hearth are not sufficiently pure to go to market. They are subjected to a sim- 
ple refining process which consists in liquating to remove suspended dross, 
collecting the liquated lead in a kettle, poling it with air or steam^ for 1.5 hr. 
or longer at a temperature below visible red, say below 470° C., to eliminate 
Cu and Sb which are brought to the surface, skimming the dross, and then 
molding the purified lead by means of a siphon, a pump, or formerly through a 
spout with cock extending from the bottom of the kettle through the brick- 
work. 

A common form of liquating reverberatory furnace- has an inclined trough- 
shaped hearth, 3. by 5 ft., consisting of two cast-iron plates, 2 in. thick, 
which have i-in. holes every. 8 in. on the trough-line. Beneath the trough 
lies a cast-iron gutter, which conducts the liquated lead into the poling-kettle. 
The bars of lead,® charged from the side into the furnace, leave behind the 
dross, which is raked out at intervals. 

In recent years the softening furnace of the Parkes process (§231) has been 
erected at some large plants, as it is more economical and, wdth proper manage- 
ment, especially as to temperature, does the w'ork as well as the trough. 

The casting of lead is taken in detail in §253. 

Missouri ore-hearth lead retains usually about o.oi per cent. Cu. Several 
analyses of ore-hearth lead have been given in Table 3. References to other 
analyses are given in the footnote.^ 

2. Gray Slag. — This is an agglomerated mixture of metallic lead, lead com- 
pounds, gangue, and flux, of var3dng composition, which contains about 15 
per cent, of the Pb of the ore. A mechanical analysis of Lone Elm slag gave 
Dewey^ 21.45 cent, metallic lead and 78.55 per cent. pulp. A few analyses 
are recorded in Table 33. 

There are in operation two methods of recovering the lead; one is to smelt the 
slag for metallic lead, matte, and slag in a blast furnace; the other is to smelt 
it in the so-called slag-eye furnace for metallic lead, slag, and white oxidized 
fume, which is collected and sold as white paint. 

1 Bardill Apparatus, Eng. Min. 7 ., 1915, c, 969, 

2 Brinsmade, Mines and Minerals, 1901-02, xxn, 300. 

® Middleton, Eng. Min. J., 1905, 10 (England). 

Williams, “Industrial Report,” Geol. Survey of Missouri, 1877, p. 63; Tr. A. 

1876-77, V, 326. 

Dewey, op. cit., 1889-90, xvin, 687. 

Pulsifer, Min. Eng. World, 1913, xxxix, 681; 1914, xn, 504 

* Tr. A. I. M. E., 1889-90, xvm, 685. 
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Table 33. — Analyses oe Gray Slag 


Smeltery 

6 

CO 

1 

' sqd 

i i 2 ; S ; 1 ; 1 

1 B. 1 N 1 £ < 

i 9 , g ^ ^ ‘ ■ 3 

Lead Hills and War- 
lock, Scotland .... 
Joplin, Mo 

Collinsville, 111 , 

26.00 

12.70 

12.5 

0 .67 

3.64 

5.63 

14-73 

10.36:34.881 0.951 iS.'io 

5 • 18 33 . 55 14 . 53 3 .go 0.7S 

i., 1 i ' 

10.00 I 

41 -49 0. 12 j 1 2 

9. 0 46.0 0.5 3.3 10 3 







1. Sexton, Rns. Min. J., 1895, lix, 175. 

2. Dewey, Tr. A. I. M. E., 1888-90, xvin, 685. 

3. Pulsifer, Min. Eng. World, 1913. xxix, 681. 


Smelting for metallic lead alone^ was formerly carried on in a small low 
brick blast-furnace (26 by 36 in. and 46 in. high) with a single 3-in. tuyere at the 
back, an external crucible, and a hood to carry off fumes into the open. The 
crucible was a cast-iron pot divided into tw^o unequal parts by a partition 
descending nearly to the bottom. The melted charge (black slag) flowed over 
the larger division, filled with charcoal, into a water-tank; the lead filtered 
through the charcoal, collected at the bottom, and was removed at intervals 
from the smaller division. As the brickwork was quickly corroded, a furnace 
ran only a short time. From 15 to 18 tons slag, assaying 35-40 per cent. Pb, 
were smelted in 16 hr. giving 7,500 lb. lead, which was not soft, and waste 
slag; the fuel consumption was 2 tons coke and 22 bu. charcoal. 

This mode of operating, being wasteful and expensive, has been replaced by 
normal blast furnace work. Thus at Collinsville, 111 .,^ there are three water- 
jacket blast furnaces, 36 by 126 in. at tuyeres, in which are treated in 24 hr. 
from 120 to 140 tons of charge made up of gray slag, ignited bag-house fume, 
roasted matte, drosses and refining skimmings from the Parkes desilverizing 
plant, flue-dust briquettes, and fluxes. The slag made analyses SiOo 29.0, FeO 
37.5, CaO 19.0 per cent. The gases from the blast furnaces go through the 
bag house. 

At Federal, 111 .^ there are also three water-jacket blast-furnaces, 40 by 96 
in. at tuyeres. The charges are mixtures of gray slag, ignited bag-house fume, 
blast roasted ore, roasted matte, and pyrite; they contain 40 per cent. Pb, and 
give a matte-fall of 17 per cent. The slag is calculated to contain Si02 32, FeO 
30-32, Ca(Mg )0 16-19, ZnO 8, AhOa up to 9 per cent.; it assays o. 5-1.3 per 
cent. Pb. 

Other works which used to smelt their gray slag in small circular blast- 
furnaces, find it more profitable to sell it to blast furnace plants. 

Smelting of gray slag with other charge-components for metallic lead, 
oxidized lead fume, and waste slag is considered in §72. 

3. Flue-dust and Fume, — The gases drawn from the ore-hearth by a powerful 
suction fan carry dust and fume; the larger part of the former settles in the 
chamber and flue leading to the fan, the rest is filtered with the fume in the 

1 Bergen, Go Raymond’s Report^ 1875, 424. 

“ Pulsifer, Min. Eng. World, 1913, xxxnc, 6S1.. 

® Pulsifer, Min. Eng. World, 1913, xxxix, 375. 
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bag house and collected in the brick bays of the building. The dust consists 
mainly of fine particles of charge -which may or may not have been oxidized, 
the fume almost entirely of oxide lead compounds. The chemical analyses 
given in Table 34 show the characteristics of the two products. 


Table 34. — Analyses of Ore-hearth Dust and Fume 



3. Buskett, Min . Eng . World , 1912, XXXVI, 393. 

The chamber and flue-dust have to be agglomerated before they can be 
successfully smelted. Some works resort to briquetting with slaked lime (§216), 
others to sintering, others add the dust to blast roasting charges; moistening 
the dust and adding it to the blast furnace charge is an inefficient method of 
handling. 

The fume -was formerly allowed to go to waste. In 1876 the Lone Elm works 
of Joplin, Mo., began to filter and convert it into a white paint (Sublimed Lead) 
by sintering and then smelting with gray slag in a slag-eye furnace for lead, 
slag, and fume which was collected in a bag house. 

The plan of the former Lone Elm works^ is shown in Fig. 102. The gases 
from the ore-hearth are drawn off by a suction fan, 6 ft. in diameter and 3 in. wide, 
making 290 r.p.m.; pass through a water-jacketed brick flue into a brick dust- 
chamber (40 ft. long, 19 ft. high, 6.5 ft. wide, with a door on one side) which col- 
lects coarse particles of more or less changed ore and fuel; leave the chamber at 
the top and travel through a horizontal sheet-iron pipe (350 ft. long, 5 ft. in diam., 
supported by 20-ft. pillars) to the fan; and thence through a 4-ft. pipe, resting on 
i2-ft. pillars, to the blue-powder or blue-fume bag house. This first bag house 
is similar in construction to the second, the white-paint bag house, shown in 
1 Dewey, Tr. A. /. M. E., 1889-90, xviir, 674- 
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cross-section in Fig. 103. It is a brick building (95 ft. long, 50 ft. wide, and 
45 ft. high) divided into two compartments by a longitudinal wall, so that one 
may be shut off when it is necessary to gain access to the bags. Each compart- 
ment is divided into two stories, the lower being 12 ft. high. The divisions 
(columns, beams, etc.) are all made of iron pipe. In fact everything in the 



Fig. 102. — Plan of Lone Elm Works, Joplin, Mo. 


building is either of brick or iron, except the filtering bags. The lower story 
contains four rows of sheet-iron hoppers, extending the length of the building, 
which serve to collect the fume that has accumulated. They have the form 
of a truncated pyramid and are closed at their lower faces by sliding dampers. 
They stand on four pipes, 3.5 ft. long, encased in refractory clay pipp. The 
upper face of a hopper is covered with sheet-iron 3 ^© in. thick. This has 16 
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holes, i8 in. in diameter, from which thimbles, 12 in. high, project upward. 
Over these the lower ends of the bags, made of unwashed wool, 60 in. in circum- 
ference and 33 ft. long (changing to 50 in. and 35 ft. when in use), are slipped 
and tied fast. The upper ends are tied with strong cord, with which they are 
suspended from beams near the roof. There are 800 bags in the bag house. 
Between every two rows of bags is an iron scaffolding with iron footways placed 
at convenient heights, so as to make all parts of the building accessible. 



The cooled gases, being forced through the main pipe, enter four branch 
pipes, each of which passes through and connects a set of hoppers. The gases, 
laden with fume and some dust, ascend into the hanging bags, where they are 
filtered, the fumes falling into the hoppers below. These are emptied once in 
2 days, when the bags are also shaken to detach adhering fume. For this 
purpose the current of the gas is shut off, and men with aspirators pass quickly 
through the building, giving each bag a quick shake. 

The collected fume is a very fine bluish-gray powder (blue powder), con- 
sisting mainly of PbO and PhSO^, with some PbS. 

The fume is sometimes sold as Sublimed BlueLead to be used in the manufac- 
ture of rubber (black tread) tires, or as a paint. Usually^ however, it is Jei't 
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down from the hoppers, spread over the floor in piles, and set on fire with oil- 
waste. Often it fires itself. It barns (smolders) for about lo hr. but does 
not flame; a good deal of heat is liberated, and some SO2 set free. The fine, 
loose blue powder is converted into a porous, pinkish-white crust that is still 
friable but sufficiently coherent to stand handling and charging. The roasted 
blue powder is free from carbonaceous matter and PbS. Analyses are given 
in Table 34. . 

In refining the roasted blue powder in the slag-eye furnace, the object is 
to oxidize all the components of the charge as much as possible; hence little 
metallic lead is produced. To prevent any carbonaceous compounds from 
injuring the color, hard 72-hr. coke is used as fuel. This subject is discussed in 

§72- 

71. Cost.- — The cost of smelting 65- to 70-per cent, galena concentrate in 
the ore-hearth, collecting fume in bag house, and smelting gray slag and 
sintered fume in the blast-furnace for pig lead, matte, and slag is about $6. 00 a 
ton.^ The yield in lead is about 98 per cent. Brown^ gives the cost at Granby, 
Mo., for smelting ore and sintered fume in the ore-hearth (the gray slag being 
sold) as $3.30 per ton of lead-bearing material. 

72. Lewis and Bartlett or Sublimed-Lead Process.’^ — This process, which 
was started at Joplin, Mo., in 1876, is in operation in the United States at two 
plants, that of the Eagle-Picher Lead Co., Joplin, LIo., and that of the St. 
Louis Smelting & Refining Co., Alton, 111 .; and in England at the works of the 
Bristol Sublimed Lead Co.^ 

The aim of the process is to volatilize the lead from galena and the gray 
slag and burnt blue powder of the ore-hearth, by smelting in the oxidizing 
atmosphere of a slag-eye furnace, and to recover the oxidized fume in a 
bag house. The products are waste slag, some metallic lead, and- so-called 
sublimed lead, a finely divided white powder with about So per cent. PbS04 
and 20 per cent. PbO, which is used for paint, the manufacture of oil-cloth, 
stained paper, and rubber goods. 

The two American smelteries are very similar in their general arrangements. 
A plan and elevation of plant are shown in Figs. 104 and 105.“ The brick 
building, 215 ft. long and 75 ft. wide, has four di\nsions: (i) The furnace- 
room, 75 ft. long, with two slag-eye furnaces, A, and a single combustion- 
chamber above; one large and two small cooling- towers, B and B'; two No. 7 
Sturtevant blowers, E, driven by two 30-h.p. A.C. motors to furnish blast at 

1 Ingalls, Tr. A. I.M. E., 1906, xxxvii, 629. 

; Finlay, Eng. Min. 1908, lxxxvi, 607. ■ 

^ Tr. A. I. M. E., 1911, XLii, 402. 

3 Dewey, Tr. A. I. M. E., 1889-90, xviii, 674- 

Blair, Eng. Min. 1910, xc, 906. 

Hughes, J. Soc. Chem. Ini..^ iQOQj xxvin, 415. 

Buskett, Min. Eng. World, X9ir> xxxv, 575 1912, xxxvn, 393- 

Schaeffer, J. Ind. Eng. Ghent., 1913, v,''i 49 - 

^ Roesing, Berg. Eiitten. Sal. W. i. Pr., 1888, xxxvr, 103. 

5 Blair, Eng. Min. J., 19XO3 xc, 906. 
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oz. for the slag-eye furnaces; and one freight elevator, /, driven by a 20-h.p, 
A.C. motor. 

(2) The goose-neck room, 30 ft. long, with seven goose-necks, C ; one 7-ft. 
fan, D, driven by a so-h.p. motor, dehvery-pipe, and storage space for clay 
and other materials. 

(3) The bag room, G, 75 ft. long, with delivery-pipe, J, coming from goose- 
neck room with branch-pipes leading into three rows of hoppers, K, nine 
hoppers in a row, each with 20 filter-bags, E. 




Figs. 104 and 105. — Elevation and plan of sublimed-lead plant. 

(4) The packing-room, P, 30 ft. long, with screw-conveyor, F, bucket- 
elevator and packer, F' (driven by a 20-h.p. motor); and cooper-shop. 

The slag-eye furnace of the Lone Elm works^ first erected was built of brick 
with water-boxes, and had two rows of tuyeres; it has been replaced by an oval 
water-jacket furnace with a single row of tuy&res. A plan and elevation of the 
jackets are shown in Figs. 106 and 107, and an elevation of a pair of furnaces 
with combustion chamber in Fig. 108. 

1 Dewey, loc. cit. 

Hofman, “Lead,” preceding edition, 128—130. 
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The oval water-jacket (Figs. io6 and 107) is 4 ft. high, 5 by 4 ft. at the throat 
and 4.5 by 3.5 ft. at the base. At the front it has a tapping- jacket, iS by iS in.; 
at 18 in. from the bottom are two 2.5-in. tuyeres on a side, which are iS in. 
apart and point downward, and two 2.5-in. tuyeres at the back which are 12 
in. apart. The jacket (Fig. 108) rests on a brick base which extends 6 in. upward 
inside the jacket. The smelting charges are introduced through the feed-door, 
B, I ft. high and 2 ft. wide, which serves also as port for the admission of the 
air necessary for the oxidation of the fumes arising from the hot top of the 
charge. Slag and lead run continuously from the tapping-jacket into the fore- 
hearth, C, which collects the lead, while the overflowing slag, vdth 2 per cent. 



Figs. 106 and 107. — Elevation 
and plan of water-jackets. 


Fig. 108. — Elevation of a pair of slag-eye furnaces with 
combustion chamber. 


Pb, is granulated by an impinging stream of water and carried off in the trough, 
D. The lead is ladled out at intervals. The lining of a furnace lasts about 3 
months. Above the pair of furnaces is the braced combustion-chamber, E, sup- 
ported by iron columns and covered with fire-clay pipes, 4 ft. long and 10 in. in 
diameter, laid in fire-clay. Being open at the ends, the pipes are kept cool by the 
circulating air. At one plant the space between the furnace and the combustion- 
chamber is water- jacketed instead of being built of brick as in the figure. 

The first cooling and condensing brick tower, B, Figs. 104 and 105, is 20 ft. high 
and 10 ft. in diameter. It is lined with fire-brick, braced with seven 60-lb. 
rails, and tied by three 1.5-m. iron rods. The inside temperature is held at 
800® C. The two smaller towers, B' , are soft-steel shells lined with 4-in. red 
brick, and connected at the top by an iron pipe, 44 in. in diameter. Each tower 
has a cleaning door near the bottom. The gases from the combustion-chamber 
enter tower, B, near the top, pass off near the base into a short flue leading into 
one of the toners, B'. in which they ascend, and after traveling through the 
connecting pipe descend in the other. They then pass into a flue with two 
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openings in the roof, one of which is connected with a stack used temporarily 
when the gases are to escape into the open, while the other receives one limb 
of the connecting goose-neck, C. 

There are seven goose-necks, made of sheet-iron, gauge No. 14, which are to 
cool the gases and to collect the dust not deposited in the towers. A plan, 
side- and end-elevation of a set of goose-necks are shown in Figs. 109-11 1. A 
goose-neck is 44 in. in diameter and 25 ft. high, and rests on a casing having at 
the front cleaning doors and apron-plates for the removal of settled fume. 




Figs. 109 to xii. — Plan, side- and end-elevations of a set of goose-necks. 

This has a pinkish color. It is collected daily to the amount of 3500 lb. and 
is either smelted or sold as an inferior pigment, mainly to the rubber trade. 

The gases, which have been cooled and freed from dust and some fume, pass 
through the fan, P, Figs. 104 and 105, into the delivery-pipe,' /, and from this 
through three branches into three rows of hoppers, iT, in the bag house. Each 
hopper has. Fig. 103, 20 bags, 20 in. in diameter and 30 ft. long, made of un- 
washed wool, making a total of 540 bags. They are shaken twice in an 8-hr. 
shift. The pigment which collects in the hoppers is either discharged into the 
screw-conveyor, F, which delivers to the packer, F', or it is carted into the pack- 
ing-room and shoveled into barrels which hold 500 lb. paint. The advantage of 
the conveyor is that by working, it frees the paint from mechanically included 
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gases and thus makes mechanical packing possible; further, the work is less 
unsanitary than if done by hand, A similar arrangement is discussed in §73. 

In blowing-in a slag-eye furnace, this is warmed with wood, then filled with 
coke, and the blast turned on, WTien the coke has become red-hot on the sur- 
face, the first ore-charge is given. This is fed in small shovel-lots at a time so‘ 
as not to cool the red-hot top; feeding is therefore a more or less continuous 
operation. The components of the charge and the manner of making up the 
charge vary somewhat. Galena alone can be smelted vvith coke, but furnace- 
troubles are likely to occur, and off-color pigment may be formed. In smelting 
sintered blue fume alone an almost pure basic sulphate is produced. The 
usual three important Pb- and S-bearing components are raw galena, gray 
slag, and burnt fume; to these may be added lead-bearing materials, such as 
drosses, skimmings and scrapings, off-color paint, carbonate ore, etc. Charges 
smelted in 24 hr. consist^ of carbonate ore, 1000 lb.; ashes from cooling towers, 
1500; burnt blue fumes from ore-hearth, 2000; galena concentrate free from 
blende, 6000; off-color pigment, 1000; cuttings (i.e., accretions) from combus- 
tion-chamber, 1000; gray slag from ore-hearth, 1000; metallic iron (tin cans, 
sweepings from machine shop, puddle cinder) poo; limestone (crushed through 
40-mesh screen), 1400; total charge, 15,800 lb.; coke, 6000 lb. Blair- gives 
the following: Ashes, 2000 lb.; burnt blue fume, 3000; galena, 6000-7000; 
off-color pigment, 1000-1500; cuttings, 1000; gray slag, 2000; iron, 900; 
limestone, 1400; black slag (from slag-eye furnace, too rich in Pb to go to the 
dump), 1000-3000 lb. It will be noted that carbonate ore is replaced by black 
slag. In general, the charges are made up with the view of obtaining an abun- 
dance of fume of correct composition, and a slag that ^^dll run freelv and carry 
little Pb. 

The feeding of the charge-components is sometimes given into the hands of 
the feeder who uses his own judgment as to requirements. Buskett® recom- 
mends to weigh out the charge components, and mix them, with the exception 
of galena and coke. A single charge would consist of galena, 500 lb. ; gray slag 
and other oxide lead material, 450; silica, 10; puddle cinder, 130; limestone, 
10; total charge, 1100 lb.; and coke 135 lb. 

In feeding, the attendant first introduces the coke and allows this to burn 
freely; scatters the galena over the top in a thin layer and sees that this burns 
satisfactorily; he then covers it with mixture; and finishes T^dth the bed of coke 
of the next charge. 

Beside the make-up of the charge and the manner of feeding there have to 
be considered the temperature of the top of the charge and of the combustion- 
chamber, and with this the volume of air blown in through the tuyeres and 
drawn in through the feed-door, if a pigment of the right composition and color 
is to be obtained. Beside having a hot top and a liquid slag, it is important that 
no irregularities or stoppages occur in furnacing, as otherwise the paint obtained 

1 Buskett, loc. cit. 

2 Loc. cit. 

^Loc. cit. 
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will be of an inferior grade. Thus, when a furnace has been started, the product 
of the first 4 or 5 hr. is classed as blue powder, and that of the next 20 hr. is still 
off-color. The main products of the furnace are slag (black slag), sublimed 
lead, and metallic lead. Table 35 gives analyses of black slag. 


Table 35.— Analyses of Black Slag from Slag-eye Furnace 


Plant 

Si 02 

FeO 

CaO 

1 ZnO 

Pb 1 

Reference 

Eagle-Picher Lead Co. . 
Eagle-Picher Lead Co. . 
Eagle-Picher Lead Co. . 

Eagle-Picher Lead Co. . 

St. Louis S. & R. Co. . 


40.7 

42.5 

36.0 

33-5 





\ Buskett, Min. Eng. Wt rU, 

26.2 

32.2 

27-5 

18.6 


2 . 6 

1 

12 ^ 



1 

1 1912, XXXVI, 398. 

22 , 0 

17-5 

S.05 

4.0 

i 

I W. W. Petracus, private 
com., 1895. 

! FI. Garlichs, private com., 





1 

1 1914. 


The sublimed lead is essentially a basic lead sulphate with 75-90 per cent. 
PbS04, and 25-10 per cent. PbO; there are usually present 2-5 per cent. ZnO; 
the content of ZnS04 ought not to exceed i per cent.; and that of CO2 0.07 
per cent. Analyses are given in Table 36.^ 


Table 36. — Analyses . of Sublimed Lead Pigment 


PbS04 81.4 78.5 82.6 

PbO 14.9 17.0 13.4 

ZnS04 i.o i.o i.o 

ZnO 2.3 3.4 2.9 

SO2 0.082 

CO2 trace 

H20 0.2 


79.6 

84.0 

80.9 

88.3 

73 -S 

77.9 

iS-o 

10. 1 

14.2 

8.5 

20.5 

16. s 

2.8 

2. 1 

0.6 

0.32 

1.8 

2.6 

2-5 

35 

3.8 

2 . 2 

4-1 

2.8 



0.032 

0.06 

None 

None 





None 

None 

0.2 

0. 1 

0.2 



0. 1 


99.882 99.9 99.8 100.0 99.9 99.532 99.38 100.0 100.0 


In order to obtain a basic sulphate of correct composition it is essential 
that the temperatures be correct. It has been shown in §40 that PbS04 heated 
in a current of air is in part dissociated at 705° C. and that decomposition 
increases with temperature, hence the importance of having a high temperature 
in the combustion-chamber and of holding the first cooling tower at about 800° C. 

The lead produced by the slag-eye furnace is hard and whitish on account 
of the impurities taken up in the smelting. 

The cost of a plant in the Mississippi Valley, treating 40 tons ore per day of 
the character shown in the drawings, is estimated by Buskett^ to be about 
$100,000 distributed as shown in Table 37. 


^ Buskett, loc. cit. 
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Table 37. Cost of a 40-TON Sublimed Lead Plant 

Railway and grading. 

OflFice and laboratory 

Crushing plant 

Furnaces and building 

Cooling system 

Goose-neck house 

Packing house 

Bag house 

Storehouse 

Power plant 

The daily operating expense is given in Table 38. 


$S,ooo 

4,000 

4.000 

20.000 

7.000 

3.000 

5.000 

24.000 
5,000 

20.000 
$100,000 


Table 38. — Cost of Operating a 4o-ToNr Sublimed-lead Pl.ant 


Labor : 

I manager 

I superintendent... 

I cashier 

I chemist 

I assistant chemist, 

I porter 

3 foremen 

6 feeders 

6 tappers 

6 tappers’ helpers. . 

6 pot pullers 

3 mixers 

12 wheelers 

5 yardmen 

3 bag-room men. . 

I packer 


Sio.oo 

7.00 
3-33 
3 • 33 
1.50 
x-so 
9-99 

12.00 
12.00 
12.00 
12 .00 

6.00 

IQ. 20 

5.00 

6.00 
2 50 


Cost of labor, total $ 134-55 

Cost of labor, per ton of ore $3 -36 


Materials : 

40 tons ore at $60.00 

Fluxes 

12 tons coke at $2.50 

70 packing barrels at 0.35 

Cost of materials, total 

Cost of materials, per ton of ore 

Power 

Total expense per day 


$2,400.00 

X2‘SO 

30.00 

24-50 

$2,467.00 

$61.67 

24.00 

$2,625.55 


Production and Profit 


35.500 lb. pig lead at 4.5 cts $x,S97-5o 

35,000 lb. sublimed lead at 5.5 cts. 1,925.00 

Total production $3,522.50 

Total expense ' $2,625.55 

Profit $896-95 


These figures do not include sales cost, interest on investment, amortization, and repairs. 
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73. F. L. Bartlett Process for the Treatment of Complex Zinc Lead Sul- 
phides.^ — ^The process, formerly carried out at Canon City, Colo., started in 
1896, and before that date at Portland, Me. (burnt in 1895), aims to oxidize 
and volatilize the zinc and lead of an ore, the resulting fumes to be saved 
and then refined to a pigment; to collect the precious metals in a Cu-Fe 
matte; and to dispose of the gangue in the form of a waste slag. 

The Ore . — The ores commonly treated are an intimate mixture of silver- and 
gold-bearing sulphides of zinc, lead, and iron, in varying proportions, with 
about 20 per cent, gangue. They are divided into two classes: those contain- 
ing under 20 per cent. Zn to be smelted raw in the blast-furnace and those 
containing over 20 per cent. Zn to be worked in the sintering or blowing-up 
furnace. 

Sintering of Ore and V olatilization of Lead and Zinc. The raw ore, crushed 
fine and mixed with bituminous coal, is charged on a perforated grate forming 
the bottom of an arched chamber red hot from a previous charge; under- and 



Figs. 112 and 113. — Bartlett- blowing-up furnace for zincky ores. 


over-grate blasts are then let on, which start the oxidation and raise the tem- 
perature, and thereby change the loose sulphide ore into a more or less oxidized 
and sintered mass ; the fumes pass off through a flue and are cooled and collected. 

The furnace, called a ^‘blowing-up furnace,” is shown in Figs. 112 and 113. 
It consists of a perforated grate, 6 ft. long and 3 ft. 6 in. wide (4 and 5), resting 
on the side walls of the furnace and supported by cross-bars. It divides 
the arched chamber into the ash-pit, closed by the ash-pit door (3), and the 

^ While the process does not strictly belong to a treatise on lead metallurgy, as it extracts 
the precious metals rather by matting than by lead smelting, it has enough points in common 
with the hearth treatment of lead ores, with the collection of silver-bearing fumes by filtering, 
and with other points of lead smelting, to more than justify its insertion in this book. 

Bartlett, Colo. School Mines Sc. Quart. ^ 1892-93, ii, No. i, i; Min. Ind., 1896, v, 619; 
Eng. Min. i 889 ,xlviii, 94; 1893, lvi, 3, 336; 1896, LXI, 492, 587, iXir, 172 . 

Hofman, op. cit., 1893, lvi, 447. 

Hawker, op. cit., 1893, lvi, 94. 

Longmaid and Collins, op. cit., 1896, ua, 587, ixii, 243; Private notes, 1896. 

Correspondent, Min. Eng. World, 1908, xxix, 167 (Works IT. S. Smelting Co.)« 
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hearth with its working door (2) and flue (7)* The roof is supported by channel 
irons (8) , and its brick side walls (later replaced by water-jackets) rest on hollow 
columns (6), which are perforated on the hearth side to admit air under pressure 
on the charge. The ore mixture fills the charge-pockets (8) and passes between 
the columns (6) on to the hearth. The blast, entering at (10), is admitted under 
the charge through (4), at the side of it through (5), and on top of it through 
(6), thus insuring the desired degree of oxidation of the charge and especially 
of the fumes. 

The ore containing over 20 per cent. Zn is crushed through a 2 -mesh 
sieve, mixed with from 15 to 20 per cent, slack coal, and charged into the pockets. 
Supposing a previous charge to have just been drawn, the furnace to be red 
hot, and the charge-pockets filled, the furnace-man will push the charge down 
on the grate, spread it to a depth of about 6 in. through the working door (2), 
start the blast; and fill again the pockets. On arri\dng on the grate the charge 
will consist of ore and coke, as the coal has given up its volatile hydrocarbons 
while it occupied the lower part of the pocket and the upper part of the inclined 
grate (5). The coke ignites, and starts the roast-smelting of the charge; the 
flames, at first blue from CO, soon become white from the lead — later 
from the zinc fumes; the temperature rises, the charge begins to clinker, 
and when the fumes have ceased to be evolved, about 30 min. after charging, 
the blast is shut off and the clinker drawn out through the working door, when 
the furnace is ready for the next charge. Nearly aU of the lead and most of 
the zinc have been driven off, and the precious metals are contained in the 
matte, which with the slag forms the clinker. Any parts of the charge that 
are not agglomerated are returned to the furnace and worked wnth the next 
charge. It takes from 20 to 40 min. to treat a charge, the blast has a 
pressure of from 4 to’ 8 oz. per sq. in., a furnace puts through about 6 tons 
in 24 hr., and one man attends to two furnaces. The composition of the 
clinker, of course, must vary somewhat; it contains less than i per cent. Pb. 
Analyses in Table 39 show the other constituents: 

Table 39. — Analyses oe Clinker erom Bartlett Process 


FeO... 36.4 45-2 So-S 30-5 

Insol.. 30-2 27.5 2S.0 30-6 

3 10.6 7.7 

C 3-2 3-5 3-2 3-0 

Zn.... I 9 -S 15-S ^0.2 14.7 

Q i.o trace trace 2.0 


Smelting of Sintered Ore and Volatilization of Zinc. — ^The sintered ore is 
smelted in a low water- jacketed blast furnace with external crucible. The 
furnace is worked with a hot top in order to volatilize as much as possible of 
the zinc which is to be cooled and coUected; its action is oxidizing rather than re- 
ducing; copper ore is added to assist in collecting the precious metals in the 
matte and to make a good separation of it from the slag. The furnace, 108 by 
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36 in. at tlie tuyeres, is shown in Figs. 114 and 1 15. In the figures, (3) represents 
the foundation walls well bound with iron, (4) the biast-pipe ending in an 
air-chest attached to the water-jackets, the blast preheated by being conducted 
through the flues, (5) the water-inlet, and (6) the water-outlet pipes, (7) the 
charge-pockets, the charge sliding down the jackets, making an angle of about 
45°, and being in the center only about 12 in. deep above the level of the tuyeres, 
(8) the shaft held together by corner irons and tie-rods, (9) the flue collecting the 
fumes from two furnaces and leading them to the cooling chambers and bag rooms, 
(10) the tuyere openings, longitudinal slots, 8 by in., the admission of air 
being regulated by a block pushed in or drawn out by a small iron rod attached 
to it, (ii) the spout over which the melted masses flow into an overflow slag- 
pot, the bottom of the furnace slanting i in. to the foot from l)ack to front, 
(12) the four steel water-jackets, 40 in. high. 



The furnace charge is made up by the addition of sulphide ores of zinc, 
lead, and copper, and of some silicious ores in proportion to contain 17 to 20 
per cent. Zn, 2.5 to 4 per cent. Cu, 3 to 10 per cent. Pb, 15 to 20 per cent. S, 
and 10 per cent, lime, the rest being SiOs and Fe. The amount of coke used 
ranges from 6 to 15 per cent., varying with the percentage of Zn that is to be 
driven off as fume. The furnace is run in such a way as to leave enough S in the 
charge to bind all the Cu and the remaining Zn and thus minimize the loss of 
Ag by volatilization. The blast pressure is 12 oz. per sq. in. The furnace puts 
through from 40 to 75 tons of charge in 24 hr., the amount depending upon 
the percentage of Zn present. Thus, with 20 per cent. Zn 40 tons are smelted, 
with 15 per cent, 50 tons, with 12 per cent. 75 tons. Three men attend the 
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furnace on a shift. A furnace is blown out once a month, as it is necessary 
thus often to clean out the flues that have become choked with dust. The matte 
produced, i ton from lo to 12 tons of ore, runs about 40 per cent. Cu and 
averages 125 oz. Ag and 2 oz. Au per ton. The slags aimed at are silicious, as 
shown by the analyses in Table 40. 


Table 40. Analyses oe Slags from Bartlett Process 

Straight Iron and manganese 

iron slags slags 


Insol 

32.4 36.5 33-6|36.2 38.0 

38-5 

39 

040.5 

44.2 38.0:39.7 36 

-'■X2 . 

5:37 -O'SS ■ 2 37.5 

FeO 

50.5 49.3 47.2 34.7 34.6 

33-6 

32 

si 3 i .9 

36.3':3o. 1:39.5 30 

3 3 ^- 

7:30.1^34.3 34.2 

ZnO 

15.2 12.5 14.2 13.0 14.2 

12. s 

II 

8|ii . 2 

7. 2:11. 4:10, I! 9 

3 9 

3 8-2; 3 - 7 i 3-1 

CaO 

4.0 2.5 

4.6 

4 

2 4.0 

! 2.0!I5.4'; 7.S48 

.5 is. 

5:19.4 >0.4 19- 2 

MnO 

7 8.1 

7.0 

1 8 

0 8.9 

i 7 - 4 : 3 -F i 2 

.0 4. 

2' 1.3'; 3. O' 2.1 

Sil ver, oz . . 

2.5 1-75 1 . 5 i-ojo.75 

0 

3 jo. 2 s.o. 25 o. 2 s’o. 25 ' 0 

5 0-75 0. 25 0. 25 0. 25 


Bartlett finds that ZnO is not present in the slag as a silicate, an opinion 
in which he does not stand alone. Basic iron slags dissolve as much as 20 and 
25 per cent. ZnO. Though the dissolving power decreases with the acidity of the 
slag, a certain proportion of CaO aids in the solution of ZnO; but if it goes above 
15 per cent, it hinders it. The slags are made to average from 7 to 8 per cent. 
ZnO, as a higher percentage drags Ag into the slag. The Ag-content ordi- 
narily ranges from 0.25 to 1.25 oz, per ton, depending on the presence of Cu 
and CaO, the lower figure referring to a charge with 4 per cent. Cu, the 
higher to one with i per cent. Cu, a slag high in CaO being low in -\g. 

Cooling of Gases, Settling of Dust, and Filtering of Fu?ne. — The gases passing 
off in sintering the raw ore and in smelting the sintered product carry -with 
them in the form of dust fine particles of the charge more or less oxidized, fumes 
of lead and zinc in the form of PbSOs, PbS04, PbO and of ZnS, ZnSOs and ZnO, 
further SO2, CO2, free O and N. If they are allowed to expand and to cool, 
and are made to change their direction repeatedly and at the same time to 
strike upon large surfaces, they will readily drop the dust, but the fume can be 
satisfactorily collected only by filtering. It has been found that the x\g carried 
off by the gases is contained mainly in the dust, so that, wdth the dust well settled, 
the loss in Ag by fume will be very small. The result is that under normal 
conditions the loss in Ag is a fixed quantity, be the ore charge high or low in 
Ag; thus the fume from the sintering furnace assays 5 oz. and from the blast- 
furnace 8 oz. Ag per ton. These figures will increase with oxidize zinc and 
lead ores on account of the lack of S, and also with arsenical and anti- 
monial ores; they will decrease with sulphide zinc, iron, and copper ores, and 
increase slightly with sulphide lead ores and in the presence of CaO; while, as 
stated above, the CaO in the slag decreases the Ag carried off by the latter. 
The total loss i.n Ag in treating a charge containing 4 per cent. Cu is ^ oz, 
per ton, which may increase up to 3 oz. per ton if only i per cent, Cu be present. 
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There is a small gain in An; the amount of Pb collected in the fume shows 
an increase over that accounted for by the dry assay; the loss in Zn amounts 
to 5 per cent, and is accounted for by the assay of the slag. 

The gases from sintering and smelting are drawn off by Sturtevant fans 
placed back of a brick chamber having a vertical partition extending upward 
from the floor. The object of the chamber is to mix the gases from the sintering 
and smelting furnaces, and to equalize their temperatures. This is necessary, 
as the fans sucking off hot fumes would create a back pressure on those taking 
in cold fumes. In order to cool the gas mixture the fans suck in cold air. The 
cooled and diluted gases of approximately even temperature and composition 
are forced into an iron chamber. They enter at the bottom, are deflected by 
the roof and drop a large amount of dust. They then pass through a pair of 
oblong sheet-iron cooling flues, 8 by 3 ft. and 1400 ft. long, which are supported 
in the air on a low roof -shaped trestle so that the dust, that settles out, about 
3 per cent, of the weight of the ore, may be easily removed through doors at the 
sides and raked into wheelbarrows or trucks. Generally 25 sq. ft. of sheet iron 
cooling surface are required for i sq. ft. of grate area of sintering furnace. At 
the ends of the cooling flues the gases, freed from dust, pass into one of the two 
bag houses used alternately, where the fumes are filtered. 

A bag house, similar in construction to the one shown in Fig. 103, contains 
1500 bags made of loosely woven cotton or wool. The bags are 20 in. in 
diameter and 21 ft. long. Cotton bags last from 18 to 24 months, and woolen 
bags last from 6 to 10 years. With cotton the temperature of the bag room 
should not exceed 90° C., and with wool 120° C. Generally 200 sq. ft. of cloth 
are required per square foot of grate area of sinter furnace, and if twice cleaned 
or shaken in 24 hr., i sq. yd. of woolen cloth will collect i lb. of fume per 
day, I sq. yd. of cotton cloth lb. 

The raw fume averages : 

i2PbS, 3oPbS04(+PbS03^) =42 per cent. 

i4Zn0H-4oZnS03==54 per cent. 
iC, 2SO2, iSi02, etc. = 4 per cent. 

Refining Raw Fume into Refined Zinc-lead Pigment . — The object of the refining 
process, which is an oxidizing mujOde-roast, is to convert the lead and zinc com- 
pounds into PbS04 and ZnO, to eliminate finely divided C, As, Cd, and other 
impurities, and to compact the fume by grinding that it may be well adapted 
for use as a pigment. The furnace used for the purpose is shown in Figs. 
116 and 117. 

In both figures, (i) represents a pair of cast-iron cylinders, 10 ft. long and 
12 in. in diameter, (2) a heavy spiral screw with four longitudinal flat-iron 
bars (not shown), the screw conveying the fume from feed to discharge and 
compressing it, the bars raising it and showering it through the air current 
passing through the cyflnder, (3) a driving gear, (4) the feed-hopper, (5) the 
drum for collecting fine dust, (6) the screw conveyer for refined pigment, (7) the 
heating, PbSOa is decomposed into PbS04, PbO, and SO2. 




Figs. ii6 and 1 17.— Bartlett refining furnace for making zinc-lead pigment 
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driving pulley, (8) the pulley of screw conveyer, (9) the chimney for products of 
combustion, (10) the chimney to carry off gases from the drum, (12) a cast-iron 
disk with circular air-inlet and discharge-spout, (13) the fireplace, and (14) 
flues for the products of combustion. Four cylinders refine all the fume of the 
plant, a cylinder treating from 1200 to 1500 lb. of fume per day. The tempera- 
ture of the cylinders is kept at about 815° C. The pigment, passing in about 
20 min. through a cylinder, is discharged at (6) and then passed through 
bolting cloth which screens out any coarse particles. Four volumes of raw 
fume give one volume of refined pigment. This consists mainly of 54-46 per 
cent. ZnO, 40-50 per cent. PbS04, a small amount of ZnSO.! and an excess of 
O, the ultimate analysis giving Zn 47.33, Pb 24.92, S 2.96, FcsO;?, etc., 0.45, 

0 24.34 per cent. 

It is bluish-white (white lead being yellowish-white), dense, and sells at 

1 ct. a pound less than white lead. 

The amount of dust collected in the drum (5) is small (i lb. per ton of ore); 
it contains many rare elements. 

The plant of the American Zinc-Lead Co., of Canon City, Colo., contained 
12 sintering furnaces (six of which were always running), three blast furnaces 
(one being held in reserve), and treated about 100 tons of ore per day. The 
power required per ton of ore was about 3.25 h.p., and the labor 0.75 man. 
The power was distributed as follows: Five exhaust fans (6 ft.), 175 h.p.; 
three underwind fans, 40; two Baker blowers, 30; one crusher and roller plant, 
50; one electric light plant, 20; one refining plant, 10 — or a total of 325 h.p. 

The cost of treatment was not made public, but a treatment charge for 
galena-blende concentrates published by Bartlett^ gives an approximate idea. 
His offer was: 


21.2 oz. silver at 68.5 ct. per 02., less 5 per cent $13-78 

0.0s oz. gold at $19 per oz 0.90 

18 per cent, lead at 25 ct. per unit 4.50 

26. S per cent, zinc, nothing 0.00 


Gross value $19.18 

Less treatment $S .80 

Less freight 5.20 

1 1 .00 

Net value $8.18 


The plant was shut down about 1908, ^ as it ceased to be profitable because 
at that time electromagnetic concentration came into use, and payments had 
to be made for the zinc in the ore instead of having the benefit of the usual 
deductions for its presence. 

With the advent of the economic deposition of zinc from sulphate solution, 
the Bartlett process was put into a position to recover the zinc from the vola- 

^ Eng. Min. T., 1896, Lxi, 5S7, 

“ Jackhng, Min. Sc. Press, 1917, exxv, 617. 
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tilized oxide fume and thereby enabled to pay for part of the zinc of the ore- 
This led to the installation of a new plant at Florence, Colo., in 1915—16.^ 

Following the example of Bartlett, mixed zinc-lead sulphide ore was smelted 
in a water-jacket blast-furnace 42 by 156 in. at tuyeres with a working height of 
5 ft. The ore averaged Zn 20, Pb 5, Cu i, S 20-25 cent., and contained Ag 
6-8 oz. per ton and some Au. The percentage of coke used was high. The slag 
analyzed SiO-i 38, CaO 22-25, ZnO 7 per cent., the rest being mainly FeO; it 
ran low in Pb, contained Cu 0.2 per cent., and was free from Ag. The matte- 
fall w^as 5 per cent. The fume (PbS04-rZn0) retained some Zn-SO^, the total 
S was about 7 per cent.; the Ag-content, which was generally proportionate to 
that of Pb, ranged from 7 to 10 oz. per ton. The campaign of a furnace was 
from 3 to 5 weeks. The fume was shipped to Keokuk, la., and leached with 
H2SO4; the dissolved Zn was recovered b\' electrodeposition, and the insoluble 
residue smelted for lead bullion. 

The large percentage of high-price coke required, the cost of labor, and the 
difficulties encountered in smelting were the cause of a change from blast furnace 
to reverberatory smelting. At present the ore is crushed, rough-roasted in a 
Wedge kiln, and the roasted ore, mixed with coal, smelted in a dust-tired re- 
verberatory furnace for matte, slag, and fume. The slag made assays SiOs 
from 30 to 50 per cent.; it retains about 2 per cent. S, and less Ag than that 
from the blast furnace, averaging about 0.3 oz. per unit of Pb. The fume is 
treated as shown above. 

1 R. G, Hall, private communication, March, 191S. 



CHAPTER IX 


SMELTING LEAD ORES IN THE BLAST FURNACE^ 

74. Introduction.—The process carried on in the blast furnace is one of 
reduction. The aim of smelting a lead ore is to set free the lead of the ore, to 
collect other metals such as Cu, Ni, etc., in a matte, and to form of the gangue 
a slag low enough in values to be a waste product. Precious metals which enter 
mainly the lead, but to some extent also the matte, are recovered by separate 
processes. 

All lead ores can be smelted in the blast furnace; any ore containing over 4 
per cent. Si02 must be so treated. If the lead ore is a sulphide, it usually is 
first roasted or blast roasted; if a carbonate or a mixture of carbonate and sul- 
phide, the carbonate prevailing, it is smelted at once. A study of the chemical 
analyses of argentiferous ore, given in §49 and 50 will show that these ores 
usually contain much over 4 per cent. Si02- This explains the universal use 
of the blast furnace in smelting the ores of the Rocky Mountains and Pacific 
divisions of this country. In Table 41 are listed the silver-lead smelting works 
of the United States, Canada, and Mexico in operation in 1917.^ 

With the low-Si02 non-argentiferous lead ores of the Mississippi Valley, 
which have not been sufficiently enriched by mechanical concentration to furnish 
a product suited to-the reverberatory furnace or the ore-hearth, the blast furnace 
is the only efificient smelting apparatus. 

The treatment of lead ores in the blast furnace used to be, and sometimes 
still is, discussed under the heads of Precipitation and Roasting and Reduction 
for sulphide ores, and of General Reduction for carbonate ores. This classifi- 
cation, which had its origin on the European continent, was justified by the 
practice of important smelting centers in which large mines furnished smelteries 
with uniform ores which were smelted in one of the three ways. Thus, e.g,, 
in the Harz Mountains, Prussia, galena concentrates used to be smelted with 
the addition of sufficient iron to carry on the so-called precipitation process. 
In other parts of the European continent silicious sulphide ores were ordinarily 
subjected to slag-roasting in a hand reverberatory furnace and the product 
smelted in the blast furnace; there prevailed the roasting and reduction process. 
The treatment of oxide ores in Europe is confined to intermediary products of 
lead refineries, and these are rarely smelted by themselves; hence the general 
reduction process was carried out only in exceptional cases. 

In the centrally situated custom smelteries of the United States, which ob- 
tain their, ores from different parts of the country in varying quantities, the 

1 Dwight, Eng. Min. J., 1916, cn, 671. 

^ Eng. Min. 1918, cv, 63. 
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Table 41. — Ameeican Silver-lead Smelting Works, 1917 


Company 

Place 

Annual 

Furnaces r \ 

; capacity (a) 

American Smelting and Refining Co 

American Smelting and Refining Co 

American Smelting and Refining Co 

Denver, Colo i 

Pueblo, Colo 

Durango, Colo | 

7 1 510,000 

7 380,000 

4 I 210,000 


American Smelting and Refining Co 

American Smelting and Refining Co 

American Smelting and Refining Co 

American Smelting and Refining Co 

American Smelting and Refining Co 

Con. Kansas City Sm. and Ref. Co 

Bunker Hill & Sullivan Min. and Concentrat- 
ing Co. 

Selby Smelting and Lead Co 

Ohio & Colorado Smelting Co 

United States Smelting Co 

Northport Smelting and Refining Co 

Pennsylvania Smelting Co 

International Smelting Co , 

Totals, United States 


Leadville, Colo ! 

Murray, Utah i 

East Helena, ]Mont. . . . i 

Omaha, Neb. (6) ! 

Perth Amboy, N. J. 

El Paso, Tex i 

Kellogg, Ida ; 


American Smelting and Refining Co. 
American Smelting and Refining Co. 
American Smelting and Refining Co. 
American Smelters Securities Co.. . . 
Compania Metallurgica Mexicana. . . 
Compania Metallurgica de Torreon. . . 

Compafiia Minera de Penoles 

Totals, Mexico 


Selby, Cal 

Salida, Colo 

Midvale, Utah... 
Northport, Wash. 
Carnegie, Penn. . . 
Tooele, Utah 


Consolidated Mining and Smelting Co Trail, B. C. 


Monterey 

Aguascalientes 

Chihuahua 

Velardena 

San Luis Potosi (c) 

Torreon 

Mapimi 


S 

78 


510.000 

657.000 

306.000 

82.000 

170.000 

380.000 

600.000 

210.000 

345.000 

530.000 

216.000 

60.000 

600.000 

5.766.000 

584.000 

40.000 

400.000 

150.000 

250.000 

360.000 

325.000 

2.109.000 

140.000 


(o) Tons of charge. (&) Smelts chiefly refinery intermediary products, (c) Not being operated, but 
plant is expected to start in the near future. 


regularity of treatment prevalent in Europe cannot be followed. All the ores 
received go to make up the blast furnace charges; they are variously apportioned 
in order to form suitable mixtures as regards lead-contents and the amounts and 
kinds of slag- and matte-forming constituents. The sulphide ores may or may 
not be roasted or blast roasted; oxide ores will be smelted raw without any pre- 
liminary treatment unless they are too fine for this purpose, and are better suited 
to make up blast roasting charges. In order to meet these conditions, smelting 
in the blast furnace will be treated broadly as a fusion in which reduction and 
scorification are the leading chemical processes, while precipitation and sul- 
phurization are of secondary importance. 

In view of the fact that the principal metal-bearing minerals which enter 
the blast furnace are sulphides, and that they usually have to be roasted or 
blast roasted before they are used to make up the charges, it is necessary to 
consider first these two preparatory operations. 
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75. Oxidizing Roast of Metallic Sulphides in Powder Form. — The general 
reactions that take place when a metallic sulphide in powder form is heated with 
access of air have been treated elsewhere.^ Here the behavior of the several 
sulphides likely to be met in lead smelting will be studied. 

1. Lead Sulphide, PbS. — The behavior of PbS has been studied in §39-41. 

2. Iron Monosulphide, FeS . — The changes FeS undergoes may be expressed 
according to Plattner^ by: FeS+30 = Fe0H-S02; dFeO+O == FcaO.! and 
S 02 + 0 +-catalyzer = SO3; 2Fe304H-S03 = 3^62.03+802 and FeO + SO3 = FeS04; 
2FeS04+heat = Fe2S06+S02 and Fe2S06+heat = Fe203+S03. 

Pure FeS ignites in air at from 325° (o.i mm. or loo-mesh) to 472° C. 
(>0.2 mm. or 50-mesh) and does not decrepitate upon heating.'* Heating 
FeS04 in a current of air'^ causes it to be readily decomposed at 480° C. forming 
yellow-brown Fe203.2S03, and this basic ferric salt is completely changed at 
560° into red Fe203 and SO3. The basic salt Fe2S20<) of recent investigation in 
the laboratory differs from the FeoSOe of Plattner; in the furnace both are 
likely to be formed. 

3. Iron Disulphide, FeS^. — If heated with exclusion of air to 200° C.p S 
begins to distil off; at 700° the dissociation into FeS and S is complete.'* Heating 
with access of air'^ to 2 5o°-2go° C. causes oxidation take place according to 
FeS2+302 = FeS04+S02. At temperatures lying between 290 and 500° the reac- 
tion 4FeS2+ii02 = 2Fe203+8S02 prevails. Pyrite® from Elba gives off SO2 at 
450° C. and glows at 533°; that from Rio Tinto** begins to roast at 26o°--275° C. 

Although FeS2 contains more S than FeS, it roasts with greater rapidity 
because in the process some S is distilled off which burns freely and leaves porous 
the remaining FeS, which now offers many points of attack for oxidation; there 
s also set free a larger amount of SO3, which has a strongly oxidizing effect. 

4. Cuprous Sulphide, Cu^S. — Oxidation may be expressed according to 
Plattnerio by CU2S+3O = CuaO+SOa; Cu20+2S02+0?=t2CuO+S03; CuO+ 
S034=^CuS04. Laboratory experiments by Aubell” show that prepared CU2S 
begins to roast at 200° C. with the reaction 2CU2S + 5O2 = 2CUO + 2CUSO4, which 
continues up to 330; that above 330° the reaction Cu2S+02 = 2CUO+SO2 begins; 
and that up to 550° more than half of the sulphide-S is converted into sul- 
phate-S. He finds also that SO3, set free by the dissociation of CuSO.i,^’^ acts 

Hofman, H. O., “ General Metallurgy,” McGraw-Hill Book Co., New York, .tgi8, 403. 

® Plattner, C. F., “Die Metallurgischen Rostprocessc,” Engelhardt, Frcil:)erg, 1S56, 133. 

^ Friedrich, M etallurgic, 1909, vi, 169. 

Hofman-Wanjukow, Tr. A. I. M. E., 1912, xlhi, 548. 

^ Kotlmy, Oester. lahrb., igio, rvni, 112; Mctallurgic, 1911, viii, 389. 

® Geodel, J. fur Gasheleuchiimg, 1903, xLViir, 400. 

Friedrich, Stahl u. Risen, 1911, xxxi, 2040. 

'' Kothny, loc. cii. 

® Friedrich, loc. cU. 

® Chalon, Rev. Un. Min., 1902, rvir, 201. 

Loc. cit. 

Oester. Jahrh., 1910, Lvni, 131. 

^2 2CuS04at67o° C. = 2Cu0.S03-!-S03; aCuO-SOs at 736° C. = 2Cu0-f-S08. 

Hofman-Wanjukow, Tr. A. I. M. E., 1912, XLirr, 547, 
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upon CuoS forming CU2O as seen by Cu2S+3S03 = CU2O4-4SO2, and thus 
explains the formation of CU2O in the ore as long as there is present any un- 
decomposed CuoS. Plattner was aware of the effect of SO3 upon CU2S as 
well as upon CU2O, expressed by Cu20+S03= 2CUO4-SO2: he differs from 
Aubell in assuming the formation of CU2O from CuO, which the latter omits. 
Chalcocite, from o.i to >0.2 mm. or 100- to 5o-me3h in size, ignites in air between 
430 and 697° C-d and does not decrepitate. 

5. Cupric Sulphide, CuS . — The beha\dor of CuS is similar to that of Cu;S, 
as the former readily gives up one atom of S when heated to a bright-red with 
exclusion of air; by analogy with FeS2 and FeS it ought to roast more readily 
than CuoS. 

6. Chalcopyritc, CnFtxSb-— This common copper mineral shows a behavior 
similar to that of FeS except that it decrepitates readily upon heating; there 
are formed Fe^rOy and FeSO^ as well as Cu.Oy and CuSO^. 

7. Zinc Sulphide, ZnS , — The o.xidation of Vjlende may be expressed by 
2 ZnSd -70 = ZnO+ZnS04d-S02. The normal sulphate, ZnS04 is converted- 
at 720° C. into white 3Zn0.2S03, and this at 767° into ZnO and SO3, the 
ZnO being yellow when hot and white when cold. Decrepitation and 
ignition temperatures vary wdth the character of the mineral. Friedrich® 
found that Spanish blende decrepitated at 40° C., Hofnian’ ascertained that 
blende from Warren, N. H., did not decrepitate at all, whereas this was decidedly 
the case at 290° with samples of blende from Joplin, INIo., and New INIe-xico. The 
blende of Friedrich with 0.36 per cent. Fe, wheno.i mm. or loo-mesh in size, 
ignited at 647° C.; when >0.2 mm. or 50-mesh, this took place at Sio°. 
The Joplin blende with 0.45 per cent. Fe ignited at 480^ C.; the Warren blende 
with 8.80 per cent. Fe at 557°, when through S- and on 12-mesh, and at 515° 
when through 80-mesh; the blende from New Mexico with 13.4 per cent. Fe 
ignited at 534°. It appears therefore that a ferruginous blende has a higher 
ignition temperature than one which runs low in Fe. The earlier investiga- 
tions of Minor’"^ and Lepiarezyk® bear out this deduction. The presence of 
Fe appears also to retard a dead-roast. Whatever may be the character of 
the blende from different localities, one fact stands out clearly, that the mineral 
roasts very slowly and demands considerable time for complete desulphuriza- 
tion; it requires in addition an abundance of air, a red-heat at the start, and a 
deep-orange toward the finish. On account of the length of time necessary to 
obtain a satisfactory roast, and the short time given to the operation of blast 
roasting, it has been found that in blast roasted sulphide ore a large part of the 
original blende has not been decomposed at all, and subsequently causes trouble 
in the blast furnace. 

^ Friedrich, Metallurgic, igog, vi, 169. 

2 Hofman-Wanjukow, Tr. A. I.M. E., 1912, xliii, 523. 

® Metalhirgie, 1909, vi, 167. 

^ Tr, A. I. M. E., 1905, XXXV, 811. 

® Chem. Z., 1889, xm, 1602; Berg. Hiittenm. Z., 1889, XLvni, 466. 

® Thesis, Kgl. Tech. Hochschule, Berlin, 1908. 
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8. Manganese Sulphide^ MnS . — The mineral albandite is converted by roast- 
ing into MnS04 and Mn304; the MnS04 is readily converted at 790° C.^ into 
dark red to black Mn3045 while SO3, SO2, and O are set free. The ignition 
temperature was found by Friedrich^ to lie at 355° C., when o.i mm. or 100- 
mesh in size, and at 700°, when >0.2 mm. or 50-mesh. The mineral does not 
decrepitate. 

9. Silver Sulphide, Ag^S . — If argentite is given an oxidizing roast, it is 
converted into finely divided Ag and SO2 as seen by Ag 2 S +02 — Ag2+S02. 
The compound Ag20 cannot form, as it is dissociated at 383° C.^ into Agg 
and O. The ignition temperature of argentite, o.i mm. or loo-mesli in size, 
was found by Friedrich^ to be 605° C., and 875° if of 0.2 mm. or 50'mesh size. 
The roasting of Ag2S is attended by loss in Ag. If present in small quantities 
in other metallic sulphides, the SO3 set .free in their decomposition has a ten- 
dency to exert a sulphatizing effect: 2Ag-l-S03 = Ag2S04+S02 and Ag2S-f- 
4S03=Ag2S04-+-4S02. The decomposition of Ag2S04 whether caused by heat 
or the presence of oxides, such as Fe304 or CU2O, is attended by a consider- 
able loss in Ag. The reaction may be expressed by Ag2S04 at 925° C. = Ag 24 - 
SO3 + O;® Ag2S04+4Fe304= 2Ag+6Fe203+S02; Ag2S04+2Cu20 = 2 Ag-i“ 4 CuO 
H-S02. In roasted ore the silver will be found to be present as undecomposed 
Ag2S, as Ag2S04, and as Ag. 

76. Roasting, General.® — The aim of an oxidizing roast is to oxidize metallic 
sulphide and to drive off as much S as possible in the form of SO2. 

The Hall process,^ which aims to roast sulphide ore in such a way as to con- 
vert the metal into oxide, to expel the S as vapor, and to recover the vapor in the 
form of flower of sulphur, has not yet been tried in connection with lead ores. 

A question to be decided with each ore is whether it is necessary to roast it, 
or it is better to smelt it raw. The character and amount of sulphide, the 
richness of the ore, and the cost of the operation will be the deciding factors. 
As a rule, any ore containing 8 per cent. S or over is best roasted before it is 
smelted. The richness of the ore in Ag and its coarseness may modify this gen- 
eral rule. As roasting is always connected with loss in metal, it may be more 
profitable to smelt raw an ore rich in Ag even if it contains over 8 per cent. S, 
than to first give it an oxidizing roast. A lead ore with 100 oz. Ag per ton 
is rarely roasted; some metallurgists® have drawn the line at 50 oz, per ton, 
which however seems to be rather low. 

Gold mill concentrates with < 8 per cent. S are practically always roasted, 
as the common sulphide mineral pyrite, FeS2, is readily oxidized, and the 
Fe2 O3 freed from S forms a valuable flux; further, being finely divided, the 

1 Hofman-Wanjukow, Tr. A. I- M. E., 1912, XLin, 523. 

* Loc. cii. 

3 Stahl, Meialhirgie, 1907, rv, 690. 

* Loc. cit. 

® Hofman-Wanjukow, loc. cit. 

« These general considerations hold good for blast roasting, §84. 

Hofman, Min. Ind., 1914, xxxni, 477. 

8 Newhouse, Eng. Min. 1891, ri, 260. 
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concentrates are likely to cause trouble in tbe furnace unless they are some- 
what agglomerated. 

Pure argentiferous galena ores do not often come to smelteries in such quan- 
tities as to make a separate treatment necessary; striking exceptions are found 
in some works in Idaho and Montana. Ordinarily, pure galena concentrate 
is added to an ore-bed in such quantity as to make up for the common 
deficiency in lead of the blast furnace charge. Impure galena ore is usually 
mixed with sulphide ores free from lead before roasting. This is done for 
two reasons, to reduce the S-content of the roasting charge, and to furnish 
the required lead for the blast furnace charge. If a roasting charge contains 
over 20 per cent. S, it is likely to become sticky at the beginning of the 
roast, and this must be avoided if the S is to be eliminated satisfactorily. 

Pyrite ores in the blast furnace consume much S as seen by FeS2-i-Fe = 
2FeS, they increase the cost of smelting, reduce the capacity of the furnace for 
ore, and form much matte which, on account of its content of Pb and Ag, 
diminishes the direct yield of these two metals in the lead bullion. The matte 
has to be roasted before it is resmelted to recover these values. The F e originally 
added to the ore-charge becomes again available, so that the actual consumption 
of Fe in smelting raw sulphide ores is not so great as is generally assumed. 
Whether a pyritic ore shall be roasted or not is decided by the precentage of S it 
contains over that which is required to cover as CuoS the amount of Cu present. 
However, a large matte-fall has to be avoided in smelting, as the amount of 
Ag entering the slag increases with the percentage of matte formed. This 
bad effect begins to be seen with lo per cent, of matte in the charge; every 
furnace man tries to keep his matte-fall under 5 per cent. 

Blende has a very deleterious effect upon blast furnace w’-ork by forming a 
mushy matte, which interferes with the work at the tuyere-level, and by in- 
crusting the sides of the shaft with fumes of zinc, more or less oxidized, resulting 
from the decomposition of ZnS by Fe or Cu, and the subsequent volatilization 
of the Zn. If present to any extent, the ore will have to be roasted so that 
the oxide may be taken up by the slag and thus carried out of the furnace. 
In a general way it may be said that the higher the percentage of Pb in the 
charge, the greater is the amount of ZnS that is permissible. For instance, 
if in the practical absence of FeS2, the percentage of Pb is twice that of Zn, the 
ore may be smelted raw; if Pb and Zn are present in equal amounts, or if there 
is less Pb than Zn, the ore must be roasted before smelting. Attention has. 
been called in §75(7) to the slowness with which ZnS gives off its S. 

77. Roasting Furnaces, General. — The roasting of lead ores can be carried* 
on in heaps, stalls, kilns, and reverberatory furnaces. So-called mixed 
sulphide ores, consisting mainly of galena, pyrite, chalcopyxite, and blende, 
are sornetimes roasted in heaps and stalls, the sulphurous gases being allowed 
to go to waste; or they are roasted in kilns, when the SO2 is to be converted 
into H 2 SO 4 . As this manner of roasting is comparatively rare with lead 
ores, but common with copper ores, and as the apparatus is practically 
the same, the methods are omitted here. They have been fuUy discussed 
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elsewhere.^ One instance, the heap-roasting of concentrator slimes at Port 
Pirie, N. S. W.,^ deserves mention, as it is a simple and inexpensive method of 
handling a very troublesome material, if it cannot be added to the charges of 
the- blast roasting apparatus. 

Before the advent of blast roasting the reverberatory furnace was pre- 
eminently the apparatus in use for roasting lead ores. Hand-rablded furnaces 
of different forms were in operation in every smeltery for the roasting of ore 
and matte. The great success of mechanical furnaces in the rough-roasting 
of sulphide copper ores prompted lead works to follow the example of copper 
metallurgists with the result that the mechanical roasters of Ropji, Pearce, 
Brown, O’Hara, Keller, Wethey, and Bruckner, were erected and adapted to 
the treatment of lead ores. Though they reduced the cost of roasting in com- 
parison with the work in the hand-reverberatory furnace, their woi-k on the 
whole was not satisfactory for several reasons. 

In order to reduce the S-content of a lead-bearing ore to a required degree, 
it is, if mot necessary, at least desirable to be able to accelerate and retard the 
travel of the ore from the feed to the discharge, and toward the end of the 
roast, when the temperature is brought to the highest j^ermissible point, to 
rake and turn over the charge much more frequently than at the beginning, 
if a satisfactory elimination of S is to be effected. In a mechanical furnace 
with stationary hearth the raking and turning-over of ore is uniform, as it 
depends upon the speed of the rakes. If these travel too slowly, the ore will 
be insufficiently worked near the discharge; if too quickly the ore near the 
feed will be turned under while the S on the surface is still burning, with the 
result that the ore will cake and form lumps. As this must Ijc avoided, the me- 
chanical furnace has to be run slowly, and the ore not being sufficiently roasted 
toward the end of its path, will retain a comparatively large amount of S. The 
relatively small quantity of ore the mechanical furnace jruts through when it 
has to reduce the S-content to say 3 per cent., very often does not warrant the 
expense of erecting a furnace, and of keeping it in repair.'^ Another difficulty 
is that of the ore caking on the bed of loose material with which the brick hearth 
is covered, and obstructing the passage of the stirrers. This has been overcome 
in part by plowing up a crust as soon as it forms; others have found it pref- 
erable to allow a crust to form and wear off the blades of the rabbles, and 
to shut down the furnace when the blades become too short, remove the 
crusts, and supply new blades to the arms. It has also been found that the 
blades last a much shorter time in roasting lead ores than pyritic ores. This 
must be caused by a chemical effect of the ore, as there is no reason why the 
mechanical wear should be greater with lead-bearing than with copper-bearing 

^Hofman, H. O., “Metallurgy of Copper,” McGraw-Hill Book Co., New York, 1918, 

^ Horwood, Tr. Aiisir. Inst. Min. Mng., 1903, ix,^ 106. 

Delprat, <7^. cit, 1907, xii, 15; Eng. Min. 1907, nxxxvzr, 3x7, 517. 

Hofman, H. O., ‘'General Metallurgy,” McGraw-Hill Book Co., New York, 1918, 635. 

®Iles, Eng. Min. J., 1900, lxx, 185. 
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ore. It has been suggested that PbS ma3" be decomposed to some extent bj” 
the red-hot blades. Should this be the case, the loss in Pb and Ag b\" volatili- 
zation in a mechanical furnace should be greater than in the hand reverberatory 
and in a furnace with revolving hearth, but no CAndence to that effect has been 
recorded. 

In a mechanical furnace ha\dng a revolving hearth, of which that of Bruckner 
is the onh^ representative, the ore can be turned over quickh* or slowh' by 
var\dng the number of revolutions; further, it can be kept an^' length of time 
exposed to the oxidizing heat of flame and gases. The disadvantages of the 
furnace, such as lack- of air, small tonnage, high fuel consumption, adhesion of 
ore to walls, balling of ore, and ciuantit%’ of ilue-dust formed, have militated 
against an extended use. 

Though some mechanical reverberatorx' furnaces are still found in opera- 
tion, most of them have been scrapped, and new ernes will not be erected any 
more. It is therefore superfluous to take up the details here, especial!}^ as 
they have been fulh’’ treated elsewhere. 

78. Oxidizing Roast of Metallic Sulphide in Reverberatory Furnace. — The 
results obtained in roasting a powder}^ sulphide ore in a reverberatory furnace 
depend not onh^ upon the mineralogical character of its components, but also 
upon the size to which the ore has been crushed, the thickness of its bed upon 
the hearth, the amount of rabbling it receiv'es, the time it remains in the furnace, 
and the temperature to which it is exposed. 

Ignition temperatures of metallic sulphides of different sizes have been 
studied by Friedrich. ^ He found that 12-mesh material will give off SO2 and 
show incandescence at a lower temperature than 6-mesh; also that pyiite, 
pyrrhotite, galena, and blende will show similar phenomena with a rising tem- 
perature in the order in which they have been named. The inferences from 
these laboratory experiments agree with those from practical e.xperience. 

As galena oxidizes slowly when heated with access of air, a large number of 
surfaces (fine-crushing) is necessary, if the roast is to have the desired result. 
Then, as the roast progresses in each particle from the surface to the center, 
it is probable that if the particles are too coarse, a reaction will take place at the 
points at which PbO and PbS04 formed are in contact with undecomposed PbS, 
and the oxidation of the resulting Pb will cause a considerable loss of Pb and Ag 
• — another reason for fine-crushing. Ores that do not roast readily, that is, ores 
rich in galena and blende are crushed to pass an 8-mesh sieve. Ores that roast 
readily, e.g., pyritic ores and iron matte with about 10 per cent. Pb, are crushed 
through a 4-mesh sieve. The oxidation of these is rapid, and the roasted 
product less fusible and more porous than it would be if richer in lead. 

The thickness of the charge on the hearth and the amount of necessary 
rabbling. depend also upon the character of the ore. The richer it is in Pb and 
Zn, the thinner must be the layer, and the more frequent the rabbling. The 

1 Hofman, H. O., “Metallurgy of Copper,” McGraw-Hill Book Co., New York, 1918, tx 6 . 

2 Metallurgie, 1909, vi, 169. 

Hofman, “General Metallurgy,” 1918, 404- 
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thickness of bed varies from 3. to 6 in.; the rabbling is repeated every ^ to 

The time required to roast an ore depends upon the readiness with which it 
oxidizes and fuses. Ores in which galena prevails require a slow roast and a 
low temperature throughout, as even with the most careful work it is difficult 
to prevent roasted ore from retaining undecomposed PbS. Pyritic ores can 
be roasted quickly; there is no danger of half-roasted ore becoming sticky 
and adhering to the hearth of the furnace. Ores rich in blende require a 
considerable time and a comparatively high temperature if the *ZnS is to 
be completely converted into ZnO and ZnS04, and the latter to be fully 
decomposed. 

The temperature at which the roasted ore is to be withdrawn from the 
furnace must be regulated by the character of the sulphates formed and by 
the fusibility of the charge. The charge can be taken out of the furnace as a 
pulverulent, a sintered, or a fused mass. As regards subsequent smelting, it is 
best to slag the ore, as by obtaining the roasted ore in lump form the disadvan- 
tages of treating fine ores in the blast furnace are overcome; but other considera- 
tions prevent this. The leading ones are loss in Pb and Ag, and the increase 
in cost. Newhouse^ gives as a result of a series of experiments in roasting ores 
containing from 12 to 18 per cent. Pb, a loss of from 15 to 18 per cent. Pb and of 
2 per cent. Ag with fusion of roast, and one of from 2 to 5 per cent. Pb with no 
loss in Ag without fusion. 

In Missouri with pure galena concentrate the loss in Pb used to be 10 
per cent, with fusion. By agglomerating or sintering the roast instead of 
fusing, the loss in metal will be only slightly higher than when it remains 
pulverulent. The S will not be so effectually removed as when the ore 
is slagged, but more so than when it remains a powder. For instance, slag- 
roasted ore contains from i to 3 per cent. S, while roasted pulverulent ore 
contains from 3 to 7 per cent. S. The loss increases on the whole with the 
lead-content of the charge. It used to be said that an ore with 10 per cent. 
Pb or less could be safely slagged; with from 10 to 20 per cent. Pb only 
agglomerated; with over 20 per cent. Pb the temperature had to be kept so 
low that the roasted product remained pulverulent, or only slightly adherent, 
when withdrawn from the furnace. Such ore was drawn from the furnace into 
a slag-pot and pounded hot with iron disks so as to make the particles adhere 
to one another.^ 

These statements refer to mixed sulphides formerly treated in Western 
smelteries, which as a rule ran low in Pb and high in Ag. They are not applica- 
ble to pure galena concentrates practically free from Ag (as in the Mississippi 
Valley) or low in Ag (as in most European silver-lead works), because in both 
cases the ores used to be slagged to a greater or less degree. The charges, 
running from 50 to 60 per cent. Pb and being nearly free from impurities, 
require, when roasted, only a very slight increase in temperature to be slagged,^ 
^ Eng. Min. J., iSgr, li, 260, 

® lies, Eng. Min. ioqo,^lxx,, 184. 
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care being taken to keep the temperature as low as possible. Therefore the 
loss in Pb and'Ag is not great although the percentage of Pb is high. 

79. Long-bed Reverberatory Hand-roasting Furnace. — ^This old standby 
has also seen its best days; it still retains, however, its usefulness in cases in 
which blast roasting has not been able to make headway. The furnace has a 
single roasting hearth, from 40 to 80 but usually 60 ft. long and from 14 to 17 
but usually 16 ft. wide, a fireplace at one end and a flue at the other, and work- 
ing doors on either side through which the ore, fed near the flue-end, is slowly 
worked down to the bridge-end, and there discharged. 

Furnaces with two superposed hearths'*- have been used in order to save 
floor-space and to reduce the fuel consumption. The disadvantages, such as 
more solid construction, repair on lower hearth requiring removal of upper 
hearth, difficulty of moving ore on upper hearth while standing on a shaky 
platform with resulting carelessness of work and building up of crusts wffiich 
have to be burnt out or cut out, etc., have made the double hearth the excep- 
tion. Loss of heat through the roof of the single hearth is easily corrected by 
covering with sand; in the double-bed furnace the heat passing off through 
the roof of the lower hearth heats the floor of the upper. 

Three kinds of single-hearth furnaces have been erected in lead smelteries: 
A furnace having a level hearth, a slagging hearth (fuse-box), and a sintering 
hearth. Though the level hearth is still in use, and the fuse-box was replaced 
in Colorado about 1898^ by the sintering hearth, and the last has made way in 
most plants to blast roasting apparatus, the three types have not outlived their 
usefulness, and deserve to be discussed. 

80. Reverberatory Hand -roasting Furnace with LevelHearth. — This furnace, 
shown in Figs. 118-123, was in operation at the works of the Montana Smelting 
Co., Great Falls, Mont. The hearth, 40 by 14 ft., is shorter than is usually 
the case, the general length being 60 ft. The reason for the shortness is that 
the charge is to be withdrawn near the firebridge in a pulverulent state through 
two discharge-openings in the bottom; the temperature being kept low at the 
firebridge, the length of 40 ft. is sufficient to utilize all the heat generated on the 
grate. A^ttention may be called to the vaulted arches which support the hearth; 
the absence of offsets in the hearth, which has a gentle rise from bridge to 
flue, while with 2-in. offsets every 10 ft., there would be four level hearths 
separated from one another by 2-in. steps; the slope from center-line to sides; 
the discharge-openings for roasted ore; the damper in the flue; the distance of 
54 in. between working doors, which is less than usual (72-96 in.); the width of 
fireplace, 21 in., Fig. 123, which, proving insufficient for the low-grade coal 
used, was increased to 36 in., Fig. 118; to the narrowing of the firebridge from 
27 in., Fig. 123, to 22.25 in., Fig. 118, to furnish the room necessary for the en- 

1 Mechernich, Berg. Huttenm. Z., 1875, xxxrv, 129 (Jaeger); op. ciL, 18S6, xlv, 434; 

Min. J., 1877, xxni, 136 (Huppertz). 

Pribram, Oester. Jahrb., 1890, xxxvm, ii (Zdrahal)... 

2 lies, Eng. Min. J., 1900, lxx, 184^ 
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FOUNDATION PLAN OF BRICK WORK 
Fig. 119 

;8 and 119. — Reverberatory hand-roasting furnace with level hearth. 
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largement of the fireplace; and the ad- 
dition of air-fines in the firebridge to 
furnish additional air for oxidation. 

The figures show that the hearth has 
a uniform thickness of 9 in., that is, the 
brick have been laid on end. This is 
not necessary in parts of the furnace 
in which the charge does not become 
sticky; the brick can be laid on edge, 
that is, the hearth can be 4.5 in. thick. 
Near the fire-end fire-brick are always 
used; in the other parts strong red 
bricks are sufficient to withstand heat 
and mechanical wear. 

The horizontal grate of the furnace 
is replaced in many works b}' a step- 
grate when non-caking bituminous coal 
or lignite serves as fuel. In recent 
years oil has replaced solid fuek in 
localities where it is sufficiently low- 
priced; the excess air required for the 
atomization of oil over that which is 
necessary for combustion, and the in- 
rush of air around the nozzles furnish a 
strongly oxidizing atmosphere. Pro- 
ducer gas is used in a few works it 
would have made better headway than 
it has, were it not for the diminished 
number of furnaces in operation- at 
present. 

As regards furnace-equipment, at- 
tention may be called to the automatic 
charging device by Lowe® which used 
to do very satisfactory work at Pribram, 
Bohemia. A furnace received six 
charges , in 24 hr. ; charging in the 
usual way took about 10 min., during 
which time much smoke and dust en- 
tered the building. The charging- 
opening in the roof, io34 ^^7 7% 

^Von Der., Ropp, Min. Sc^ Press., 1902, 
Lxxxv, 308, Selby, Cal. 

® Hahn, Tr. Inst. Min. Met., 1899-1900, 
vm, 248, Monterey, Mexico. 

3 Oesi. Zt. Berg. SMtenw., 1905, tm, 4. 
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lined with a cast-iron frame, carries a steeply inclined fixed steel plate, in. 
thick, and a swinging plate suspended by trunnions in such a way that when 
the hopper is empty, the movable plate closes the space between the cast- 
iron lining and the fixed plate, and when it is being filled, the plate recedes and 
allows the charge to drop on to the hearth. 

Temperature measurements in such a furnace, 58 ft. long, roasting leady 
matte, have been made by Clevenger.^ They are shown in Fig. 124. The 
temperatures on side A were taken after moving the charge forward and 
during the highest heat; those on side B at the low heat prevailing when the 
charge is to be drawn. 



Fig. 124. — Temperature measurements in reverberatory hand-roasting furnace with 
level hearth. 


The work done in this class of furnaces is shown in Table 42. 

The amount of flue-dust formed varies with the size of the concentrate 
treated;^ it is, however, small, and usually varies from i to 2 per cent. The 
fuel- consumed is about 2 tons coal or 4 cords wood in 24 hr. The labor 
required varies with the tonnage; a fair figure is 2 men on a 12-hr. shift for 9 
tons raw ore in a furnace with hearth 60 by 14 ft. If the furnace is 80 ft. long 
and puts through 12 tons in 24 hr., an additional man will be required on a 
shift. 

If ore is to be slag roasted in a furnace with level hearth about 60 ft. long, 
this has near the firebridge a depression or sump less than i ft. deep in which 
the ore is melted. The consequence of this is that the ore in front of the 
third and fourth doors from the firebridge is pasty, and if the fire has not been 
carefully watched the heat may be excessive up to the fifth door. Not only does 
this interfere with a good roast, but it also renders the moving of the ore with the 
paddle a very arduous piece of work. To counteract this, it has been and often 
still is the custom with such furnaces to collect the ore from the third and fourth 
doors in a heap in front of the second door, and to melt it down into the sump, 
whence it is removed through the first door. 

^Met. Chem. Eng., 1913, xi, 447. 

^ Eng, Min. 1910, ixxxix, 449 (von Bemewitz); 857 (Hoke); xc, 112 (Wright). 
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Table 42. Reverberatory Hand-roasting Fcrxace with Level Hearth 




II 

III 

Length of hearth 

60' 

66' 

75' 

Width of hearth 

14" 

16' 

14' 

Hearth area, square feet 

840 

ijOs6 

1,050 

Length of grate 

8' 

7' g" 

S' 

Width of grate 

3' 4" 

2' 6" 

s' 6" 

Grate area, square feet 

14.6 

19.4 

28 

Ratio hearth to grate area 

57M : I 

S 4 M : I ! 

41:1 

Space above firebridge, length and width. 


7' g"X2' 2" \ 

2' 6"Xi' 

Space above fluebridge, length and width. 

No fluebridge i 

4' 2"X8" 

No fluebridge 

Height of firebridge above hearth 


1 2" 

20" 

Height of roof above firebridge 

18'^ i 

20" ; 

12" 

Height of fluebridge above hearth 


6 " 


Height of roof above fluebridge 




Depth of grate below top of bridge 

14" 

15" 

x?" 

Character of ore 

; Pyrite 

Matte 

Pyritic galena 


! Galena ’ 

i Concentrates 


Composition of ore 

(b) 

1 

1 (a) 

Screen-size of ore (mesh) 

2 

I 12 and under 

1 2 

Depth of charge near fluebridge 

3—4" 


1 5" 

Ore stirred every (minutes) 

30 

j 20 

j 40 

Roasted ore drawn every (hours) 

8 

I 4 

> 4 

Time ore remains in furnace (hours) 

32 

1 24 

1 24 

Tons of raw ore in 24 hr 

8.1 

12 

i 9 

Pounds of ore roasted per square foot ol 




hearth area 

20 

21.8 


Character of roasted ore 

Partly sintered 

Pulverulent 

Partly sintered 

Per cent, sulphur in roasted ore 

1.2(c) 

2-5 

3 


(a) Si02 16- S, Fe 28-25, Pb 12-25, Cu 2-3, Zn 4-6, S 33, Ag 25-40 oz., Au 0.08-0.30 oz. ib) Pyrite: 
Fe 37, SiOa 5, Cu i, Zn 4-5; Galena: Pb 45-60, Zn 10-12. (c) Best roast. 


A furnace of this description was in operation at Mine La Motte, Mo.,^ 
where a galena concentrate was slag roasted. The hearth, 55 by ii}i ft. 
on the inside, was slightly inclined from flue to bridge, making the respective 
distances from hearth to horizontal roof 15 and 22 in. The top of the bridge- 
wall, 223^-^ in. wide, was 9 in. above the hearth and 13 in. below the roof. The 
grate, 10 ft. by 21 in., was 3 ft. 6 in. below the top of the bridge, this depth being 
necessary on account of the fuel used, which was wood. Of special interest is 
the construction of that part of the hearth where the ore was fused, and of the 
bridge. The former was built into a wrought-iron pan resting on brick pillars 
between which air circulated freely. It was formed by a full course of 
fire-brick, and was slightly concave. The air-cooling has proved very effective 
in preventing the corrosion of the brick. A similar result is produced by the 
air-flue passing through the bridge. When this was at first constructed in the 
usual way, it was found that the middle part of the bridge was apt to be eaten 

^ Private communication from J. T- Monell, May, 1891. 
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through by the slagged ore. As a central wall divided the fireplace into two 
parts, the idea was conceived of closing the air-flue in the middle and erecting 
a small chimney on the roof, communicating with both parts of the air-flue. 
By this means a strong current of air could be passed through the flue. The 
experiment was a success, and was adopted. 

The writer has used a water-jacket in fusing antimoniate of lead in a rever- 
beratory furnace, and has found that it stopped all leakage at the bridge. 

The Mine La Motte furnace was charged every 6 hr. with 2 tons of galena 
concentrate, to which some sand had been added as acid flux. The thickness 
of bed was 6 in. The galena ran from 40 to 70 per cent. Pb, and from nothing 
to 25 per cent. Fe, and was crushed to pass a 12-mesh sieve. The slagged ore 
retained from 4 to 6 per cent. S; four men worked on a 12-hr. shift, and 0.42 
cord of wood was burned per ton of ore. 

The furnace at Bonne Terre, Mo.,^ was similar to the one at Mine La Motte. 
The roasting hearth was 40 ft. long by ii ft. wide, the sinter hearth 1 1 ft. square 
and 8 in. deep. The grate was 7 ft. by 2 ft. 6 in., the firebridge 20 in. alcove the 
grate and 16 in. above the sinter hearth, and the roof 12 in. above the bridge. 
At the flue-end of the furnace was a bridge 8 in. high, and the roof was 16 in. 
above the fluebridge. The ore treated was a galena concentrate, 5 mm. and 
smaller, with Pb 72, Fe 4, Ca(Mg )0 5, S 15 per cent. It was charged to a 
depth of 4 in., stirred on the roasting hearth every sinter hearth 

every hour, and drawn every 6 hr. It remained 30 hr. in the furnace and re- 
tained 3.5 per cent. S. The furnace roasted 5 tons of raw ore in 24 hr. or 22.5 
lb. per sq. ft. of hearth area. ■ 

81. Reverberatory Hand -roasting Furnace with Slagging Hearth or Fuse- 
box. — This furnace, now abandoned, is represented in Figs. 125-130. The main 
improvement of the furnace, first erected at the Omaha and Grant Works, 
Denver, Colo., consists in carrying on the roasting on a hearth separate from 
that on which the slagging or fusing takes place, the ore being made to drop 
through a vertical flue, from 22 to 24 in. high, on to the slagging hearth. The 
hearth, as seen in Fig. 127, has the form of a reverberatory smelting furnace. 
In order to obtain the desirable sudden change from the high temperature in the 
slagging hearth to the low temperature in the roasting hearth, the flue-space 
above the latter is very much enlarged. Thus the flame on leaving the slagging 
hearth (Figs. 126 and 127) passes through a flue 5 ft. 6 in. by i ft. 4 in., which 
on entering the roasting hearth is suddenly enlarged to 17 ft. by 2 ft. 6 in. The 
sudden increase of area causes a correspondingly sudden decrease in temperature, 
and this produces the sudden change from pasty or fused to powdery ore. A 
detailed description of the furnace is not necessary, as the drawings can be 
understood without it. A few remarks, however, may be in place. 

The roasting hearth is in four separate planes, divided by 3-in. offsets, which 
serve to keep the charges apart. The distance between roof and hearth is 
thus diminished by stages, leaving the former horizontal. This can also be 

1 Private communication from G. Setz, March, 1897. 
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done with a single inclined hearth, which was advocated by Hodges,'^ becans'e 
the offsets furnishing points of attack, lead to the injury of the hearth, and 
are not required to separate one charge from another. Only that part of the 
roof above the lowest roasting hearth is built of fire-brick; the rest is of red brick. 
In the end view (Fig. 128) are seen four openings for admitting air into the 
roasting hearth. The additional air required enters through the two doors 
next to the flue, which leads into the fuse-box, the door-lids being left slightly 
ajar. The working bottom of the fuse-box used to be (and is still sometimes) 
made of quartz sand seasoned with small amounts of slag which are added 
after the sand has been put into the furnace and heated until it becomes slightly 
sintered on the surface. This bottom is represented in the drawing. It has 
not proved as satisfactory as was expected, and has been generally replaced 
by a 9-in. fire-brick bottom, built slightly concave. The bottom rests on two 
arched roofs, and is thus cooled by air circulating below it. In the firebridge 
there is on one side of the air-space a heavy cast-iron bridge-plate to bear 
the longitudinal stress of the hearth. The parts of the furnace that wear out 
fastest are the flue leading from the fuse-box to the roasting hearth and the 
fuse-box itself; the former is patched during the run with raw clay mixed with 
some burned clay; to repair the latter the furnace has to shut down. Water- 
cooling of these parts has not been tried, as far as the writer is aware. The 
following analysis of a torn-out quartz bottom easily explains how the corrosion 
has taken place: Si02 43-6, FeO 31.5, MnO i.o, Pb 6.5 per cent., Ag 6.1 and 
Au 0.5 oz. per ton. The cost of building a furnace in Pueblo or Denver, as 
shown in the drawings, used to be $3,000. The materials required are: Cast 
iron, 12,000 lb.; wrought iron, 4,000 lb.; sheet iron, 400 lb.; old rail buckstays, 
10,000 lb.; red brick, 86,000; fire-brick, 15,000. 

The tools required by each roaster-man are: Two paddles (blade 5 by 8 in. 
of 3'^-in. iron, handle 10 or 12 ft. long of i-in. iron) ; two rabbles (head 3 by 9 in. 
of iron, handle 12 ft. long of ^^-in. iron); one slice-bar (i^'^-in. iron rod 

flattened to a chisel-point 3 or 4 in. wide), and two door hooks. The front- 
man has two scoops for the coal, two slice-bars, three rabbles (head 4 by 9 in., 
of M-in. iron; handle 10 ft. long of %-in. iron), and the necessary slag-pots to 
receive the slagged ore. 

The mode of working a furnace with a fuse-box used to be pretty uniform at 
the different smelting works. The ore crushed to pass a 2-mesh sieve was some- 
times dried on the roof of the furnace, but generally it was dropped directly, 
without drying, through the hopper into the coolest part of the furnace, the 
weight of the charge varying from 2400 to 3300 lb. according to the thickness 
of bed the ore can bear. Sometimes the ore was shoveled on to the hearth 
through the last two doors, but this is permissible only when dropping through 
a hopper is impracticable. The charge was spread uniformly with paddle and 
rabble to a thickness of about 4 in. over the highest point of the hearth. If this 
is not separated by steps, but merely inclined, the charge is so spread that it 
shall lie in front of the first two doors. There it remained until slagged ore 

^ £ ng , Min . J ,, 1885, XL, 286. 
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was drawn from the fuse-box, when it was moved down the furnace to its second 
place on the next hearth, or in front of the next two doors. During its journey 
to the fuse-box it was not only turned over with the paddle while being moved, 
but raked with the rabble once, twice, or three times, according to the in- 
terval of time between the movings, e.g.^ every hr. with 3-hr. mo^dngs. 
Before the charge was transferred to the fuse-box the latter received some sili- 
cious ore to protect the bottom. After dropping the charge the fixe was urged. 
The liquefying begins at the surface, and much rabbling is required to bring 
the unfused parts from the bottom to the top. This w^as done at intervals of 
hr. for 15 min. at a time at the beginning, later on for ro min., and toward the 
end for 5. Sometimes the fusing ore was rabbled only once, hr. after drop- 
ping from the roasting hearth. When the charge w-as fused, it was drawn into 
slag-pots. This may be done in two ways, either all at once or in three install- 
ments. The former method was used with charges containing 10 per cent. Pb, 
the latter with those running high, 50 and 60 per cent. Pb, for if they remain any 
length of time in contact with the acid hearth material they will take up Si02 
and corrode the hearth unnecessarily. As soon as the front-man had drawn 
the slagged ore from the fuse-box, the roaster-men dropped the next charge 
and began to transfer the other charges downward, until the hearth near the 
flue was emptied and ready for a new charge. When the fused ore had become 
cold, it was dumped from the slag-pots, broken up, and transferred to the feed 
floor of the blast furnace. Its composition of course must vary greatly. When 
made from mixed sulphide ores, it wih average: SiOo 30 to 40, Fe 21 to 25, Zn 
9 to 10, Pb 10 to 15, S about 2 per cent. 

A furnace like the one shown in the drawings roasted and fused in 24 hr. 
from six to eight charges (varying in weight from 2400 to 3300 lb.), consumed 
from 3 to 4 tons of bituminous coal, half lump and half pea, and required three 
men in a 1 2-hr. shift — one front-man, who attended to the fuse-box and firing, 
and two roaster-men, who did the work on the roaster hearth. If the ore is not 
fused, two men are sufhcient to do the work. The cost of roasting and fusing 
with coal at $1.75 per ton, and labor $2.25 for 12 hr., was over $2 per ton. 

In making up sulphide ore-beds for fusing furnaces two kinds of ore have to 
be considered: galena concentrates free from or low in silver, assajdng 50 to 60 
per cent. Pb, and mixed argentiferous sulphides containing 10 per cent. Pb and 
less. With the former class of ore Cramer von Clausbruch^ stated that at the 
Altenau smelting and refining works (Harz Mountains) he obtained the best 
results in treating his galena ores, if the charge contained 15 per cent. Si02 
and from 55 to 60 per cent. Pb. If there was more Si02, a base had to be added 
to effect a complete slagging at a reasonably low temperature; if there was less, 
some PbS04 remained undecomposed. He notes the interesting fact that, if 
the roasted ore is not completely slagged, but retains parts of sulphides and 
sulphates that have been only agglomerated, the silver and copper will be con- 
centrated in the agglomerated part. One himdred parts of his charge gave 
85 per cent, of thoroughly slagged ore, 10 per cent, of a mixture of slagged and 

1 Zt. Berg. Batten. Sal. W. i. Prl^ 1883, xxxi, p. 26; Eng. Min. J., 1S83, xxxv, 161. 
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agglomerated ore, and from 2 to 3 per cent, of unroasted agglomerated galena, 
the loss in roasting varying from 2 to 3 per cent. The slagged part of the charge 
contained one-half of the Ag and only a trace of Cu, while the other half 
of the Ag and all the Cu were concentrated in the rest of the charge. 

At Pnbram^ the beds of galena concentrate contained Si02 20, Pb 35 per 
cent., and Ag 76 oz. per ton; at Mechernich,^ Si02 22, Pb 58 per cent., Ag 4 oz. 
per ton. Analyses of roasted ore are given in Table 43. 

With mixed ore the principal base to combine with the SiOo of the sulphide 
ore will be Fe, and the one next in importance Pb. Charges were made up 
so that they might be readily fusible and sufhciently acid not to corrode the 
bottom and side walls of the fuse-box. They should contain from 25 to 32 
per cent. SiOa, and the iron calculated as Fe be made to equal the Si02. 

Sometimes, however, proportions such as Si02 10 to 15, Fe 20 to 28, Pb 20 
to 28 per cent, were chosen, owing to the varying amounts of lead and iron 
sulphide ore on hand, from which the charges had to be made up. It was not 
common to add lime to a charge containing lead. 

82. Reverberatory Hand-roasting Furnace with Sinter Hearth. — This fur- 
nace, which is still found here and there, resembles very much the one with a 
slagging hearth, the main difference being that, on account of the low tempera- 
ture required for sintering, the sinter hearth has the same width as the roasting 
hearth and is separated from the latter by a step, say 8 in. high, and that the 
roof of the sinter hearth has less pitch. 

The main dimensions of such a furnace are: Roasting hearth, 74 by 14 ft.; 
sinter hearth, 10 ft. 4 in. by 14 ft.; grate, 9 ft. 9 in. by 2 ft. ro in.; firebridge 9 
ft, 9 in. by i ft. 6 in.; height of firebridge above grate, ii in., above sinter hearth 
II in.; height of flue above firebridge, 12 in. at sides and 18 in. at center; height 
of step separating sinter and roasting hearth, 8 in.; height of flue leading from 
sinter to roasting hearth, the same as that of roasting hearth, viz,, 17 in. at 
sides and 25^^^ in, at center. An ore charge, crushed through a 2-mesh sieve 
and consisting of pyrite with galena and blende, contains, Si02 10 to 25, Fe 20 
to 3’o, Pb 2 to 15, Cu I to 3, Zn 2 to 10, S 28 to 44 per cent.; Ag 15 to 35 02., 
and Au up to i oz. per ton. At the Filers plant, Pueblo, Colo., a charge usually 
rah SiOa 15, Pb 15, Fe 35, Zn 8, S 5 per cent.^ A charge remains 30 hr. in 
the furnace, is stirred on the roasting hearth every % hr., on the sinter hearth 
every 3 -^ hr., drawn every 3 hr., and retains 2 to 3 per cent. S. Sintered ore, 
while it is being drawn from the furnace into a slag-pot, is usually pounded 
down with an iron disk, i ft. in diameter, attached to a handle. 

The furnace puts through in 24 hr. 12 tons of raw ore, requires three men on 
a shift, and consumes about 3 tons of coal. 

83. Products of Reverberatory Hand-roasting Furnaces. — The two products 
obtained by roasting are roasted ore and flue-dust. The compositions of some 

^Zdrdhal, Oester. Jahrb., 1880, xxxvra, p. 10. 

2 Berg. Emtenm. Z., 1875, xxxnr, 129. 

* Gilbert, F. C., May, 1904. 
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ores running high, in lead that have been agglomerated or completely slagged is 
given in Table 43. 

An analysis of crystals of slag-roasted galena ore rich in zinc gave, according 
to Heherdey,^ Si02 16.62, PbO 61.50, ZnO 18.26, FeO 1.69, CaO trace, MgO 
1.99 per cent.; sp. gr. 5.214. 

The amount of flue-dust carried off with the gases is about 2 per cent., and 
is practically all collected in dust-chambers; of the metal volatilized in fusing 
very little if any is recovered, unless a Cotterell precipitator is provided. 
Flue-dust from furnaces, if the ore is simply roasted, has a brownish color; 
if slagging is carried on, it is gray from volatilized lead and zinc. This gray 
dust, if it contains not less than from i to 2 per cent. Zn has, when moistened, 
the property of solidifying to a hard mass. This is not the case with brown flue- 
dust, The solidifying is probably caused by the anhydrous zinc sulphate be- 
coming hydrated. Its binding property is strong enough to allow the mixing 
in of 25 per cent, of non-binding material, when it still will form a hard brick 
when molded. In fact, the gray dust, when moistened, forms a pasty mass 
requiring a stiffening ingredient to permit its being molded at all. The com- 
positions of some samples of flue-dust are given in Table 44, 

The large quantity of gold shown in some of the analyses is probably due to 
gold-bearing pyrite concentrates from gold mills used as iron flux, and to tellu- 
ride gold ores. 

84. Blast Roasting, General. 2 — The aim of blast roasting is to roast and ag- 
glomerate finely divided metallic sulphide by means of forced draft. In 
order to accomplish this, it is necessary that the particles, brought to ignition 
temperature, be separated from one another and be in contact with fluxes so that 
the grains of sulphide may be completely oxidized, and that the heat generated 
thereby may be sufficient to cause the oxides formed to combine with the 
fluxes and form fusible mixtures or compounds which, being pasty at the pre- 
vailing temperature, cohere to one another and form a lump of more or less 
scorified material. 

The advantages of blast roasting over the usual oxidizing roasting have been 
so great that the former process has almost wholly replaced the latter in lead 
smelteries. Some of the advantages are: Oxidation and elimination of sul- 
phur, combined with agglomeration of ore accompanied by decrease in volatili- 
zation of metal, and reduction of cost of plant and of treatment. With regard 
to subsequent smelting in the blast furnace: Increase of smelting power to as 
much as 100 per cent, owing to absence of fines, intimate mixture of charge- 
components in and porosity of blast roasted cake or sinter, decrease in require- 
ment of coke and of pressure of blast, and, with the last, decrease of loss of metal 
by dusting and volatilization. 

^ Kroupa, Oesterr. Zt. Berg. 'Siittenw., 1893, XLI, 138. 

2 Hofman, “General Metallurgy,’" 1918, 411; Tr. A. I. M. E., 1910, xri, 739. 

Ingalls, op. ciL, xgo 6 , xxxvii, 627. 

Guillet, Rev. MH. 1911, vin, 584. 
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Table 44. Analyses of Flue-dtjst From REvrERBERAxoRY Hand-roastixg Furnaces 



Friedrichs- 
htitte, 
Silesia {a) 

Freiberg, Saxony 

(b) 

Pribram, 

Bohemia 

Omaha & 
Grant 

Works, Den- 
ver, Col. id) 

Globe 
Works, 
Denver, 
Colo, (e) 

Globe Works, 
Denver, Colo. 

if) 

Pb 


26.27 

21.37 

16.27 



CO 

0 

: 

5-10 19-40 

PbO 

PbS 04 . . 

62.80 

45-50 





57.23 

, 


Ag, oz. . 

23-33 




46.66 

37 . 7 o; 46 . 6 o 
0.15' 0.26 
2.701 2.70 

23-2S ! 2C^37 

0 . 50-1 . 50I0 . 10— 0 . 75 





Cu’ 




0.02 

Trace 

Trace 

1-35 


Cl 












i 

1 

As 


7-56 

37-5 

46.41 



J 

0.30! 0.30 


AS 203 . . • 


1 .06 

15.86 


Zn 


19. 10 

2 .11 

0.45 

6 . 30, 6 . 10 

Xone 7-8 

ZnO 

Fe 

3-20 

2.08 

1.50 




13.80 



FeO 






1.30 



Fe 203 . . . 
Fe 304 . . . 

4.44 


436 

1.63 




7.20 

1. 14 

0.53 

0.4s 



MnO.. . . 








AI2O3. . . 








CaO. . . . 
MnO. . . . 

1 .96 

0 . 80 
0.50 
.8.90 

0.61 

0.2s 

4.81 

0-43 

0.15 

2-53 








S1O2 .... 


( = 10.0) 
14.20 


16 . 10 


Insol.. . . 





SO3 

25 . 80 

28.14 

8.23 

7-95 



18 . 20 


H2SO4 . . 

23.28 

Trace 

2.50 

17-13 



s 



1-34 

3-40 

1.46 

0.60 

3-75 

3-27 

8 . 20 

8.60 


c 





H2O .... 

1.50 



(g) 

(h) 

i (0 I ij) 





(a) Kosmann, Zc. Berg. Hiitien. Sal. Wes. i. Pr., 1883, xxxi, 237. (&) Hering, ‘‘Die Verdichtung des 

Hiittenrauches,” Stuttgart. 1888, p. 34. (c) Mann, Oester. Jahrb., 1890, xxxix, iS- {d) Livingstone, 

private notes, i8g6. (e and/) lies, private notes, 1896. (g) Average of 10 years, (fe) From fusing fur- 

naces. (i) From sintering furnaces, (j) From'roasting furnaces. 

The earliest record of the practical application of the principle of forced 
roasting is that of Roswag/ who describes operations carried on in Spain in a 
spherical kettle. An earlier instance, differeint as to details, is that by Was- 
siliadi,^ who discusses some work carried on in Asia Minor in 1895. 

Blast roasting became important only with the advent of the Huntington- 
Heberlein process, in which a galena concentrate mixed with crushed limestone 
is rough-roasted in a reverberatory furnace, moistened, and then blown in a 
spherical kettle. For this process the term Lim& Roasting was used for some 
time. In the development of the practice of blast roasting it was found that 

iPr^my, “Encyclop6die Chimique,” Dunod, Paris, 1884, section i, vol. 5, p. 243; Eng. 
Min. J., 1912, xcn, 750. 

2 Tr. Inst. Min. Met., 1912-13, xxn, 702. 

3 Ingalls, Eng. Min. J., 1905, Lxxx, 402. 
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lime was not of vital importance; the term Fot Roasting'^ was therefore an im~ 
provement. With the advent of the Dwight-Lloyd roast-sintering machines 
the kettle or pot ceased to be an essential factor; the broad term Blast Roasting^ 
has replaced the two preceding designations, although they are still used occa- 
sionally. Terms like “bessemer roasting” and “blast and down-draft sinter- 
ing”^ have been suggested, but not adopted. 

The second step in blast roasting was that taken with the Carmichael- 
Bradford process, in which a moistened mixture of raw galena concentrate and 
dehydrated gypsum is blown in a pot. 

The third modification was that of the Savelsberg process, in which crushed 
raw galena is mixed with limestone, moistened, and blown in a spherical kettle. 

The high calorific power of galena concentrate diminished l^y a rough-roast 
in the Huntington-Heberlein process, is reduced in the Bradford- Carmichael 
and the Savelsberg processes by large additions of gypsum and limestone. 

These three processes were proposed for the treatment of sulphide lead ore. 
They differ in the preparation of the charge, but are very much alike in the 
manner of blowing, in that they use a deep spherical kettle with blast-inlet 
at the bottom, charge the kettle, blow the content, and discharge the cake 
that has been formed. They use Up-draft and are Intermittent. 

The fourth and last step in blast roasting is that taken with the Dwight- 
Lloyd process, which at the start was not confined to lead ores and hence not 
to certain fluxes or diluents. The apparatus differs radically from its prede- 
cessors in that a thin layer of ore mixture on a traveling grate is made to pass 
over a stationary suction-box where, after ignition on the surface, down-draft 
causes the roast to progress downward, and the traveling grate discharges the 
blast roasted ore in the form of cakes into a receiver. The leading features 
of the process are therefore a thin layer of ore, Down-draft, and a Continuous 
operation. 

The great success of blast roasting lead ores has been the cause of extending 
the operation to other sulphides, e.g., to concentrates of sulphide copper and 
copper-nickel ores, and to matte, in preparing them for blast furnace treatment. 
Arsenides, such as speiss, have been treated successfully, as have oxides of iron 
and flue-dust which, however, require the addition of heat-producing material 
in the form of sulphide or carbonaceous fuel. With oxides, sintering is the main 
object and desulphurization only incidental. 

85- Theory of Blast Roasting.^ — There have been published many specula- 
tions^ about the reactions that might take place in blast roasting, especially in 
regard to possible interactions of TbS, PbS04, PbO, CaO and CaS04, and the 

1 Austin, Min. Sc. Press, 1906, xcni, 511. 

2 Dwight, Eng. Min. J., 1908, ixxxv, 649. 

3 Met. Chem. Eng., 1910, vm, 137, 222. 

^Summaries; Prost., Rev. TJn. Min., 1907, xvui, 303. 

Kroupa, Oesterr. Zt. Berg. Huttenw., 1908, LVI, 276. 

Editor, Eng. Min. J., 1909, Lxxxvir, 613. 

Gmelin-Kraut, “Handbuch der anorganischen Chemie,” 1912, vol. 4, part 2, p. . 

: Richter and Bannister, see del 



159 


SMELTING LEAD ORES IN THE BLAST FURNACE 

role and effect of SiOa and of bases usuallv present in a lead-charge. Valuable 
research has been carried on to give precise knowledge of the chemical 
reactions that may take place.^ The most reasonable explanation of blast 
roasting as a whole is that formulated by Richter, who says that blast roast- 
ing is nothing more or less than an enforced ordinary roast similar to that 
taking place in the hand reverberatory furnace, in which the reactions taking 
place with galena may be expressed by 


= Pb0+S02+99,S66 cal. 

= 5034-22,640 cal. 

4,940 cal. 

i = PbS04+73,ooo cal. 

: = Pb2Si04-l-x cal. 

(or SOo-f-Oj 


The large volume of air, blown or drawn into the ore charge, surrounds the 
single particles of sulphide, drives off the SO2 as soon as formed, and thus coun- 
teracts to some extent the formation of sulphate; at the same time it causes 
the oxidation to proceed at such a speed that the heat generated causes the 
resulting oxide to form a sintered mass with the accompanying gangue or the 
added flux. 

With a faulty charge there may occur with exclusion of air: PbS 4 - 
3PbS04==4P^04'4S02 — 187,060 cal.; or through lack of SiO-i metallic lead 
may be set free by the endothermic reactions between PbS and PbS04 or 
PbO; in the presence of air at an elevated temperature there mav take place: 
PbS4-PbS044-20 = 2Pb0+2S02-4,22o cal. 

The components CaO and CaSOr do not appear to have any direct chemical 
action upon PbS and PbO, as seen by the following experimental facts: PbS-f- 
CaO-|-7oo° C.=PbO + CaS does not take place (Richter); PbS4-CaS04-4 

^ Clark, Eng. Min. J., 1904, lxxviii, 630, 70S. 

Borchers, Meiallurgie, 1905, ii, i. 

Savelsberg, op. cit., 1905, ii, 5. 

Hutchings, Eng. Min. J., 1905, lxxx, 726; 1907, Lxxxm, 201. 

Guillemain, Meiallurgie, 1905, ii, 433; Eng. Min. J., 1906, lxxxi, 470; Meiallurgie, 1910, 
vn, 599- 

Ingalls, Eng. Min. J., 1905, lxxx, 1067. 

Doeltz, Meiallurgie, 1905, n, 460; Eng. Min. 1906, lxxxi, 175. 

Weiller, Chem. Z., 1908, xxxu, 348. 

Tandler, op. cit., 1908, xxxn, 437. 

Hofman-Mostowitsch, Tr. A.l.M. E., 1909, xxxrx, 628, xl, 807. 

Richter, Paul, “Beitrage zur Theorie des Huntington-Heberlein Processes und der ihm 
Verwandten Blaseverfahren,” Dissertation, Dresden, 1909. 

Hofman, Eng. Min. 1911, xci, 48. 

Schxitz, Meiallurgie, 1911, vni, 228. 

Bannister, Tr. Inst. Min. Met., 1911— 12, xxi, 346. 

Hahn, Eng. Min. J., 1911, xci, 1284 (laboratory experimental apparatus). 

^ Pulsifer, op. cit:, 19131 xcvi, 308 (laboKatory experimental apparatus). 
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002+850° C. = PbS+CaS does not take place (Doeltz); Pb0+CaS044- 
heat = CaPb03+S02 does not take place.^ 

The observations of Percy and Hutchings as well as the curves of Bannister 
(Fig. 33) show that in using CaO as flux there takes place an exothermic reac- 
tion the character of which is not known. Practical experience also teaches 
that with lead ores lime has a favorable influence upon desulphurization, but 
the cause of it has not been ascertained. 

To what extent CaS04 is formed in a blast roast is not know;n. Bannister in 
using CaO in his mixture obtained large amounts of CaS04 ; but in using CaCOs 
on a large scale it is believed that, judging by the experience in roasting sul- 
phide copper concentrates in a McDougall furnace,^ the CaCOs will be found 
unchanged or only little altered in the rough-roasted charge. In blast roasting 
CaS04 may be formed. This is decomposed by heat alone at 1200° C.^ The 
decomposition by Si02, as shown by CaS04+Si02 = CaSiOs+SOa+O, begins 
at 1000° C. and is finished at 1250°.^ In the presence of galena the decom- 
position, 6CaS04+6Si02+2PbS = 6CaSi03+8S02+2Pb0, begins below 800° C., 
is complete at 1000-1100°, and with BaS04 at 1100-1200°,-^’ the SO3 set free 
is completely dissociated at 1000°® into SO2 and O; in a cooler part of the 
charge SO2 and O may recombine, and the SO3 formed have an oxidizing 
eSect. Lastly CaS04+2Fe203 = Ca0.2Fe203+S02+0 begins at 1100° C. and 
is finished at 1250° C.’’ 

86. Principles Governing Make-up of Charges.^ — In the preparation of a 
charge for blast roasting, be it up- or down-draft, certain requirements have to 
be fulfilled, if there is to be a satisfactory elimination of S, and if the powdery 
mixture is to be converted into a more or less sintered porous cake. 

The heat furnished by oxidation must be sufficient for agglomeration and 
not in any great excess over the amount required. Comparing the quantities 
of heat liberated by oxidation per atom or 16 g. O of the usual charge-com- 
ponents gives the following: 


(Zn, 0 ) = 84,800 cal.; 

^(C,02) =48,600 cal.: 

(Fe, 0 ) = 65,700 cal.; 

(Cu2,0) =43,800 cal. 

(Ni, 0 ) = 61,500 cal.; 

M(S,02) = 34+30 cal. 

M(Sb2,03) = 55,630 cal.;- 

>^(S,CbH 30+30 cal.; 

3^i(As2,03) = 52,130 cal.; 

(C, 0 ) = 29,160 cal. 

(Pb,0) = 50,800 cal.; 


Hofman-Mostowitsch, loc. cit. 



® Hofman, “Metallurgy of Copper,” 1918, 104. 

3 Hofman-Waujukow, Tr. A. I. M. E., 1912, xxxii, 533 

* Hofman-Mostowitsch, op. ciL, 1908, xxxix, 645. 

* Schiitz, Metallurgies igrr, vm, 228. 

« Hofman, “General Metallurgy,” 1918, 405. 

’ Hofman-Mostowitscli, loc. cit. 

* Hofman, Eng. Min. J., 1911, xci, 48. 

Pulsifer, Met. Chem. Eng., 1912, x, 153, 207 
Klugh, Iron Trade Review, 1915, Lvn, 835. 
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This shows that the oxidation of metal evolves a much larger amount of 
heat than does that of S. A low-grade copper matte, or one that is rich in 
Fe, will develop, with the same velocity of reaction, a higher temperature 
than a high-grade which runs low in Fe. The same is the case wdth a lead 
matte when compared with a galena concentrate. The charge for a material 
developing much heat has to be made up differently from one which develops 
little. 

The speed with which the oxidation takes place is another factor. If it is 
too great, sintering will take place before roasting is finished, with the result that 
the charge becomes tight and does not allow air to pass freely, and that sintered 
parts enclose raw sulphide. 

With regard to lead charges, it is observed by Mostowitsch^ that a bi-silicat.e 
mixture, and one of lower degree of silication, runs hot and that the desulphuri- 
zation is good (2 per cent. S and less) ; but that there is left unagglomerated a 
large part of the charge; that there is set free metallic Pb from the action of 
PbSOi or PbO upon PbS; and that there is present uncombined PbO in the pro- 
duct. The globules or veinlets of Pb toughen the cake, and the PbO makes dust 
when the cake is broken or handled. With an acid mixture, bi-silicate or higher, 
sintering begins before roasting has progressed satisfactorily, hence desulphuri- 
zation is bad (5 per cent. S and higher). The cake breaks readily and makes 
no dust, but retains much sulphide-S. 

There are several ways of correcting the heating effect of an excess of sul- 
phide. One is to add an extra amount of water to the charge, e.g., 15 as against 
the usual 5 per cent. The effect of water in the charge is three-fold: It coun- 
teracts dusting; it keeps down the temperature on account of the heat absorbed 
by its evaporation; it keeps the charge open owing to the spaces left unfilled 
when it has been expelled. Thus with ore 3 ^^ in. and smaller, an addition of 
5 per cent, water may be sufficient, whereas a fine or flotation concentrate 
may require, as much as 12 per cent, water if it is to work satisfactorily. 

A second method is to rough-roast the ore, as is the case mth the Huntington- 
Heberlein process, in order to convert some sulphide into sulphate and oxide. 
This not only diminishes the calorific power of the ore, but adds some oxide 
which becomes a diluent and acts as if a corresponding amount of extraneous 
matter had been added to the charge. 

The addition of a diluent to the raw sulphide to reduce the calorific power, as 
is the case in the Bradford-Carmichael and Savelsberg processes, forms a remedy 
which quickly reaches an economic limit with regard to the subsequent 
smelting in the blast, furnace. If the specific heat of the diluent is high, 
it will be more efficient than if it is low. 

Retarding the process by the use of air weakened in its oxidizing power by 
the admixture of waste fuel-gases has been suggested by Savelsberg, but has 
not been tried. 

The statement of Richter® that the character of the gangue has little influence 

^ Tr. A. I. M. JS., 1916, LV, 744. 

* Loc. cit. 

11 
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in blast roasting is based upon roasting experiments made in an assay-muffle 
which showed that oxidation was hastened about equally by the 15 diluents 
he tried, namely, limestone, iron oxide, gypsum, caustic lime, dolomite, barite, 
witherite, baryta, cerussite, anglesite, lead- and copper-blast furnace slag, 
ground brick, silicious gangue, and blue billy (iron ore). The experiments 
of Bannister^ with CaO, SiOa, PbO-f-CaO, CaCOs, CaS04, MgO, FeaOa, 
HsCaOg, tell another story. As far as the mechanical effect of holding apart 
the sulphide particles and thereby favoring the speed of a roast is concerned, 
the statement of Richter holds true; but the thermal and chemical behaviors 
of the additions to a charge have to be well considered. It is essential for a 
blast roast that complete oxidation of the sulphide be accompanied or closely 
followed by sintering or fusing. The latter takes place at a temperature slightly 
higher than the former; with silicate mixtures the two curves usually run 
parallel. The specific heat of the gangue or flux^ must be of such a quantity 
as to absorb any excess heat generated by the forced roast; it ought to act as a 
thermal balance-wheel which equalizes the temperature and holds it at a point 
at which roasting and sintering can proceed at the desired rate and in the re- 
quired decree. If the specific heat is too low, the temperature rises too quickly 
and the charge fuses before it is sufficiently desulphurized; if too high, too 
much heat is absorbed, and the temperature of the sulphide is kept too low for a 
perfect roast and especially for the desired sintering with the result that part of 
the charge is imperfectly roasted and remains pulverulent. The following sub- 
stances are arranged approximately in the order of their specific heats,® the 
first having the lowest value: lead oxide, cerussite, anglesite, barite, copper oxide, 
witherite, manganese oxide, iron oxide, iron silicate, calcium sulphate, basic 
copper carbonate, alumina, silicate low in iron, horn blende, limestone, sand- 
stone, ground brick, dolomite, clay, copper- and lead-blast furnace slag, and 
gypsum. 

As regards the chemical effect of the flux it is essential that the mixture 
have a composition which sinters at a low temperature, forming silicate or 
ferrite or both. For example, with lead ores the composition is usually one 
which will result in a singulo-silicate of low formation temperature. If the 
percentage of metallic sulphide is too low, raw sulphide or carbon will have to 
be added to the charge. A charge rich in Pb may contain from 9 to 12 per cent. 
S, one that is poor in Pb as much as 20 per cent. 

The size of grain of the ore will be the same as that which has been found to 
be best for an ordinary roast, e.g., for galena about 8-mesh. Difficulties arise in 
the treatment of flotation concentrates. These have been overcome in part 
by pugging with coarse concentrates in quantities to be found by experiment. 
The grain of the flux ought to be coarser than that of the ore; with a galena 
charge the size is about 4-mesh. With mixed ores the largest permissible 

^ Loc. cit. . 

® Mostowitsch, private communication, 1910. 

Guillemain, Metallurgies 1910, vn, 599. 

® Landolt-Bernstein-Roth, ‘‘Tabellen,” Springer, Berlin, 19x3, 754. ■> 1 
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size is ^'^-in. Further, it is desirable that the grains be angular and not rounded 
in order that they may interlock, resist the pressure of the blast, and keep open 
the spaces necessary to furnish free access to the air. The flux will therefore 
be crushed with rolls and not with ball mills or similar apparatus W’hich furnish 
rounded grains. Fine concentrates will have to be worked with coarse material, 
and the mixture well wetted. 

87 . Management of Furnaces, General.— With all blast roasting work there 
have to be considered the kindling of charge, the regulation of blast and of tem- 
perature, and the withdrawal of gases. 

In an up-draft kettle a charge can be ignited by means of a thin bed of hot 
rough-roasted ore delivered from the reverberatory furnace to the kettle or to 
a layer of inert matter which covers the grate to protect it from the hot kindling- 
charge. Upon starting the blast, the hot rough-roasted ore will burn freely, 
and the heat generated will penetrate into the moistened ore-mixture above and 
ignite it. If pre-roasting is not practised, some carbonaceous fuel, usually 
half-burnt coal, will be charged on to the protecting layer (silicious ore, lime- 
stone); the coal may or may not be follow^ed b}^ easily burning pyritic ore, 
and this by moistened charge. The result of the roast is governed in part by a 
correct rate of kindling. If the temperature at the start is too high, the bot- 
tom of the charge will clinker and be less permeable to gases than it ought to be, 
and the charge will be imperfectly desulphurized. If the temperature is too 
low, the progress of the blast roast will be slow, and probably imperfect. Prac- 
tical experience has shown that with a rich galena concentrate, kindling with 
hot pre-roasted ore does not work as satisfactorily as with glowing coal. 

In a down-draft apparatus the flame playing upon the surface of the charge 
has to be regulated with care, as otherwise the same phenomena will occur as 
in an up-draft, only to a smaller degree. 

The blast in an up-draft kettle is small in volume and low in pressure at the 
start, but both are increased later on. The pressure wdll rise on account 
of the resistance offered by the clinkered cake to the ascent of the air. At 
some works the volume of air is diminished toward the end of a blow, as less 
sulphide has to be oxidized than at the beginning, and as less dust is removed 
from the surface of the charge. At other works the volume of air is increased 
to a maximum after the charge has passed the kindling stage, and is held there 
to the end. In principle, the first mode of operating is more correct; in practice 
each case has to be studied separately. 

In down-draft work, with its shallow bed of ore, there -will be little or no 
variation in the volume of air drawn through the apparatus. 

One of the essential points for a satisfactory oxidizing roast is the"removal of 
sulphurous gas as soon as formed- As with a deep charge this is more difficult 
than with a shallow, special attention has to be given to this point with up- 
draft kettles, while with down-draft apparatus the suction which draws in air 
also removes the gases. There is danger with down-draft that S from pyritic 
ore may collect in fan and flue, and cause trouble, which is not the case with 
updraft. 
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88. Rough Roasting of Metallic Sulphide for Blast Roasting. — Originally 
rough roasting of sulphides preparatory to blast roasting was confined to the 
Huntington-Heberlein process; later, with the enlargement of the field of blast 
roasting, the preparatory treatment was practised independently of the H. & H. 
process. It therefore deserves a separate discussion. 

The aim is to reduce by one-half the S-content of the mixture, which usually 
contains from 20 to 22 per cent. S. 

The furnaces used at first have been some modification of the Brunton 
Revolving-hearth Furnace designed for the treatment of cassiterite concentrates. 
In Europe the Huntington-Heberlein Furnace, a fiat circular hearth supported 
by a shaft and large-size rollers, and driven by chain and sprocket-wheel was 
used in connection with the H. & H. process. In the United States the God- 
frey Furnace is common; in a few instances the Holthoff Revolving Hearth has 
been substituted; recently the Wedge Furnace has become the rival of the God- 
frey, and this especially in the rough roasting of matte. The discussion will be 
confined to these four forms. 

89. Brunton Furnace.^ — The furnace is represented in Figs. 13 1 and 132. It 
is a reverberatory furnace with circular rotating hearth, a, fireplace, h, central 
feed-hopper, e, fixed rabble-teeth, g, discharge-door, g, and receiving bin, h. 



Figs. 131 and 132. — Brunton furnace. 


The slightly conical hearth, 12 ft. in diameter, is of boiler-iron, strengthened 
with radial ribs and covered with brickwork; it is carried by a vertical 
shaft which is rotated at the rate of i r.p.m. through a cog-wheel and bevel 
gearing, i; the shaft of the bevel pinion is connected to that of the water- 
wheel, A, through two meshing spur-wheels. The flue which carries off the 
gases is not shown, the chimney is indicated. The ore, fed through hopper, e, 
strikes the blades of the fixed rake, /, is turned over as the hearth revolves, 
and moved gradually from the center to the periphery to be discharged 

^Moissenet, Ann. Min., 1858, xiv, 223; Berg. BiiMenm. Z., 1859, xvni, 355. 

Balling, C. A. M., “Die Metallhiittenkunde,*’ Springer, Berlin, 1885, p. 517. 
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through the door, g, into one of the two receiving bins, Ji, the direction being 
governed by the position of the deflecting slide, L The furnace treats 7,200 lb. 
cassiterite concentrate in 24 hr. with a fuel consumption of 14.5 per cent, 
coal, the temperature being kept low. 



90. Godfrey Furnace. — This furnace is represented in Figs. 133-137 con- 
structed by the Stearns-Rogers *Mfg. Co. of Denver, Colo., for the leading smelt- 
eries of this continent using the Huntington-Heberlein process. The drawings 
bring out clearly the great changes that have been made in the original de- 


Via. 133. Godfrey furnace. 
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sign of Brunton. The plan, Fig. 133, shows the annular wall, a, of the furnace, 
29 ft. 4 in. and 26 ft. 4 in. in diameter, and three doors, 4 l, to furnish access to the 
hearth; the fireplace, h, 4 ft. 6^-^ in. by 3 ft., on the right side; chute, c, and stor- 





age bin, c', for roasted ore on the left; driving shaft, d, with tight and loose pulleys, 
V and w, at the upper, and door, B, at the lower side entering beneath the hearth. 
On the roof, h', are seen the ore-hopper, e, ^th feed-cone,/, cast-iron girder,. 
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which carries cast-iron rabble- teeth, 7 (shown in Fig. 134); two flues, h and h\ 
for the furnace-gases, and two pairs of 12-in. I-beams, i and i', serving as sup- 
ports for girder, g, and ore-hopper, e (Fig. 136). The leading features of Fig. 134, 
the sectional elevation through the center of the fire-box, not seen in Fig. 


f 



133, are the suspension of girder, g, from I-beam, the 34 stationary cast-iron 
rabbles,/, 39 by 5 in.; the brick hearth,^;and the roof,fe'. The rabble-blades are 
spaced by a casting at the base of the girder (not shown) having suitable oblong 
openings, 2-in, centers: the upper parts of the blades are held in place by being 
clamped, some 6 to 10 m, from the ends, to round iron bars, x, ^aced also 2-m. 
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centers, with washers and nuts. The circular opening near the top of a rabble 
furnishes a means of inserting an iron hook for raising and lowering. 

The hearth, built of y-in. brick on a M-in. steel plate strengthened by 12-in.- 
radial I-beams, is supported at the center by spindle, Z, revolving in step-box, m. 
At a distance of 8 ft. from the center it is carried by an inverted circular rail, 
n, traveling on four rollers, o\ at the circumference is flange, p, which reaches into 
sand-seal, q (see also Fig. 136). To the I-beams strengthening the steel bottom- 
plate of the hearth is attached cog-wheel, r, which is driven by pinion wheel, s, 
as shown in Fig. 136 (sectional elevation parallel with the driving-shaft, d). 
The pinion-shaft carries at the lower end bevel-gear, meshing with bevel-pinion, 
u, the driving shaft of which, d, carries tight and loose pulleys, v and w. Fig. 136 
shows also the manner of support of feed-hopper, e, which is angled to I-beam, i. 
It will be noticed that hearth, k, is placed high, 7 ft. 2 in., above the 
floor-line, in order to permit discharging into bin, c, Fig. 134, and delivering 
from this into cars which are to be hauled to the ore-beds or blast roasting 
apparatus. 

The weight of the iron work of a furnace lies between 45 jOoo and 50,000 
lb. and costs f.o.b. Pueblo, Colo., from $2200 to $2500. For the erection 
there are required 45 cu. yd. concrete, 4700 red brick, and 2000 fire-brick. 
The cost of erecting eight furnaces was: Excavation and filling, $900; brick- 
work and concrete, $9600; iron work and erection, $28,000; or $38,500 in all. 
This makes the approximate cost of a furnace set up $4800 (before the present 
advance in prices). 

The general arrangement of a Godfrey plant in connection with the Hunting- 
ton-Heberlein process is given in Figs. 145—147. 

Another form of Brunton furnace has been described and illustrated by 
Blakemore.^ 

In running a furnace, the ore, charged at the center into hopper, e, and fed 
through telescopic feed-tube,/, controlled by a hand- wheel, falls upon the hearth 
and forms a cone. The rabble- and feed-blades near the center remove the 
ore and spread it; the next following blades turn it over and move it outward so 
that it travels from center to periphery in a spiral curve where it is discharged 
by means of an outer fixed rabble-blade through chute, c, into bin, c'. 

The Brunton type of furnace furnishes an excellent means, in a reverberatory 
furnace of comparative small hearth area, of subjecting an ore for a considerable 
time to a uniform oxidizing roast under conditions of temperature which are 
under control. 

^ Table 45 gives data of the work the furnace does in rough-roasting 
sulphide materials before they are added to blast roasting charges. 

The two examples given represent good average work carried on at present. 
It is similar to that of earlier records of Murray, Utahj^East Helena, Mont.;^ 

1 Tr. Inst. Min. Met., 1898-99, vii, 323. 

* Ingalls, Eng. Min. J 1907, Lxxxxfc, 527, 573. Prinsmade, Mines and Minerals, 1907, 
xxvm, 216, 

® Newhouse, Tr. A. I. M. E., 1914, xxiX, 525. 
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Table 45. — Godfrey Furnace 


American Smelting and Refining Co. 


Hearth, diameter, ft., in.. 

26-0 

26-0 

Hearth, revol. in min .... 

9V2 


Blades, no. and size 

(18; X 6 in. 

'(20; II (3) and 6 (4) in. 

Kind of iron 

& 2>^-4 ft.) 

wide) 

Wrought iron 

Steel 

Life 


I month 

Ore Mixture: 

Character 

(5) 

Ore, matte 

Size, in 

0-35 

He 

Chemical analysis 

(6) 

(7) 

Thickness of bed, in 

3-4 

3-4 

Tons in 24 hr 

.30 

Roasted Ore ; 

Loss in weight, per cent 


8-5 

Sulphide-S, sulphate-S, per cent. 

Total 8-10 

9. 4-0. 6 

Flue-dust : 

Amount, per cent 

0. 2^ 


Chemical analysis 

(2) 

(8) 

Gases : 

Cubic feet per min 

7,000 

4,030 ^ 3 7 b' C.) 

Per cent. SO2, SO 


0.S2— ? 

Fuel: 

Character 

Washed bituminous 

Bituminous coal 


coal, fi hi. 


Amount per ton raw ore, per cent . 

3 


Labor per Shift: 

^ fireman 

fireman 


chargewheeler 

2^ feeder 


trammer 

H oiler 

H trammer 

Power, h.p. 


(i) Includes dust from H. & H. pots. (2) See H. & H. pots. (3) Feed and discharge blades. (4.) 
Rabbling blades, (s) Raw matte, silidous sulphide, galena, slime. (6) Si02 6, Fe3o, CaO 0.5, S 22, Zn 8, 
Pb 21, Cu s- (7) Matte, Silica: Pb 14, Cu II.PS, Si 02 11.32, 2 n 6.7. S ip-S. Fe 37 . 7 , CaO i.r; Ore, Pb 16.9, 
Cu i.o, Si 02 25.0, Zn 12.2, S 24.4, Fe 14.9, CaO 2.7. ( 8 ) Pb 15.0, Cu 4.8, SiOa 16.6, Zn 3.3, S 9.2. Fe 16.2. 


El Paso, Tex.;^ Trail, B. C.;^ and other works.® McNab^ states that at Trail 
the charges used to contain Pb 40-44, Fe 10-13, SiOa 8-1 1, CaO 7-10, Zn< 
10, S 14—17 per cent.; also that charges with Pb>45 per cent, did not 
well. The furnaces ran slowly, at the rate of 1 rev. in 3 min., halved the 
S-content, and put through in 24 hr. from 38 to 45 tons charge. 

1 Vail, Eng. Min. J., 1914, xcvin, 465- 
Easter, Tr. A. I. M. E., 1915, Ln, 716. 

* McNab, J. Can. Min. Inst., 1909, xn, 424; Can. Min. J., 1909, xxx, 438, 49 ^; Min. 
World, 1909, XXXI, SI I. 

* Hofman,, Tr. A. I. M. E., 1910, xir, 739. 

■* Loc. cit. 
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91. Holthoff Furnace.^ — This is another form of Brunton furnace constructed 
by H. C. Holthoff and. built by the Cudahy Power and Mining Machinery 
Co. of Cudahy, Wis. It was introduced at the works of the Saint Joseph 
Lead Co., Herculaneum, Mo., in 1907, and has been in operation since that 
time for the rough roasting of matte. In 1913, heating from the central gas- 
producer was replaced by oil-firing with modified Hauck burners which are 
introduced through the gas-ports, the roof of the producer having been re- 
moved. The oil in use is Kansas asphaltum-base oil of 25-26 Be. The furnace 
is shown in Fig. 138. The annular roasting hearth, a, 36 ft. in diameter, travels 
at the rate of i rev, in ii min. on 20 case-hardened rollers, b, near the circum- 
ference and 14,- marked r, near the middle, around the central Taylor gas-pro- 



.Fig. 138. — HolthofE furnace. 


ducer, d, ii ft. 3 in. outer and 9 ft. inner diameter, provided with a No. 3 Sturt- 
evant blower. The hearth, 9 ft. wide, has a sand-seal, e, to prevent the entrance 
of cold air. It carries on the lower side near the circumference a circular rack 
driven by pinion,/; the shaft of the latter carries cog-wheel, g, meshing with 
pinion- wheel, h, whose shaft carries gear-wheel, meshing with pinion,/, on the 
main driving shaft; this receives its power through pulley, connected with a 
36-h.p. motor. The shaft of wheels, h and i, carries also pulley, m, which is belted 
the shaft of screw-feed, n. The roof is supported on the inner side by the 
brickwork of producer, d, which also forms one side-wall of the roasting chamber, 
and on the outer side by wall, o, carried by cast-iron columns, p, and bound by 
two I- by 5-m. steel bands and a ij^-in. steel cable to resist the thrust of the 
arch. Through the roof pass a number of tile-pipes, g, ending in main flue, r, 

1 Anon, Eng. Min. J., 1905, lxxix, 538; Min. Reporter, 1905, Li, 36; Electrochem, MetalL 
I fid., IQ05, m, 86; Metallurgie, 1905, ii, 297. 

Pulsifer, Min. Eng. World, 1913, xxxix, 1054. 

Editor, Eng. Min. J., 1914, xcviii, 900, 
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which is connected with a fan and carries off the gases. Besides there pass 
through it four sets of stationary water-cooled rabble-arms, s, each with 12 
blades, t. The ore is fed at the periphery by means of screw-feed, and 
moved gradually toward the center to four pockets, u, which travel with the 
hearth and discharge into two stationary hoppers, v, to be emptied at intervals 
into cars. The producer gas enters the hearth through four ports (not a series 
as shown in figure) ; it meets in the producer the necessary air, ■warmed bv 
ascending through vertical flues, w. The flame travels radially over the hearth 
in a direction opposite to that of the ore. 

The furnace treats in 24 hr. about 50 tons matte crushed to 34 
reduces the S-content from 24 to 10 per cent., makes little flue-dust, and requires 
about 10 tons coal or 1,000 gal. oil. The cost of the furnace is high and its re- 
pair-account is large, but its work is satisfactory. 

With increase of size of plant, additional roasting capacity has been obtained 
by using the Wedge furnace. 

92* Wedge Fumaced- — The furnace, shown in Figs. 139 and 140, belongs to 
the McDougall type of fine-ore mechanical roasting kiln, i.e., it has cylindrical 
shaft, several superposed horizontal hearths, and a central shaft wnth f,ro 
radial arms to a hearth provided with rabble-blades. The ore is fed mechan- 
ically at the periphery of the top-hearth w^hich serves as a dryer, is turned over 
by rabble-blades and moved to the center, where it is received by feed-plates 
and dropped through a slot on to the first roasting hearth. Here it is moved 
toward the periphery that it may fall through a number of drop-holes on to the 
second hearth, and continue in this ziz-zag course do wm ward, until the roasted 
ore is discharged from the bottom-hearth into a stationary hopper. By having 
a number of drop-holes at the periphery as w^ell as near the by-pass around the 
central shaft, the ore passes through one drop-hole at a time and in such quan- 
tity as to fill it. While it passes through such a hole, the gases travel upward 
through the other holes and the by-pass around the shaft. By this arrange- 
ment the amount of dust carried along by the gases is greath' diminished. 

The original seven-hearth Wedge furnace,- which serves for roasting pyrite 
and sulphide copper ores, has been modified to permit better control of tempera- 
ture and thus make it suited for rough roasting of lead-bearing ore'and matte, 
which would become sticky at the high temperature of 880° C. attained in the 
normal roasting of pyrite. The furnace is also provided with a fireplace on 
the ground-floor so as to furnish the extraneous heat necessary in roasting ores 
of low calorific power. 

The furnace is built in two sizes. The cylindrical shell, u, 22 ft. 6 in. or 21 
ft. 6 in. in diameter and 22 ft. 3 in. or 22 ft. ii in. in height, is made of >*i-in. steel 
plate and stands on structural-steel columns, b, 5 ft. 83'^ in. high; it is Hned 
with a full course of red brick, c, and has seven arched roasting-hearths with 
level tops, and a single drying hearth. Each roasting-hearth has two hollow 

■ lU. S. Patent No. 1198882, Sept. 19, 1916. The Wedge Mechanical Furnace Co., 
Greenwich Point, Philadelphia, Pa. 

2 See Hofman, "‘Metallurgy of Copper,” 1918, 112. 
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Figs. 139 alid 140. — Wedge furnace for lead ore and lead matte. 
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cast-iron rabble-arms which carry cast-iron plow-shaped teeth, e, that are dragged 
over the hearth and by their weight penetrate the ore. The dr>dng-hearth has 
two rabble-arms,/, provided with plows, g, which are rigidly connected and do 
not drag over the hearth, but are lowered when worn. They transfer the ore fed 
at the periphery toward the center. Here the arms, /, carry two or more feed- 
plates, k, which regulate the amount of ore that is to enter the furnace over a 
circular stationary plate; the ore forms a seal which prevents the escape of 
gases. The traveling and stationary feed-plates can be raised and lowered to 
regulate the feed and to correct the wear of the iron. 

The air-cooled central shaft, i, of steel plate is protected from heat and gases 
by tongued and grooved fire-brick tiles, j. It is 5 ft. in diameter, which is large 
enough to allow a man to enter and make severally connections through cast- 
steel breech-locks, k, with the air- or water-cooled rabble-arms, d, of the roasting- 
hearths. The arms have central partitions that the air or water may flow out 
on one side and return on the other. The shaft is carried by master-gear, I, 
centered by pin, m, and provided with a race-way running on rollers which 
are supported by pedestals. It is rotated through the master-gear by 
bevel pinion, q, and gearing, r, connected with pulley, s’, of the driving-shaft. 
The top of the shaft carries steel pan, t, which furnishes the cooling-water to the 
rabble-arms through separate pipes, u; the heated water from the rabble-arms 
is collected in a cement pan, v, in the foundation. 

The two features which distinguish this furnace from the p\Tite burner are 
two auxiliary fireplaces on the ground-floor (not shown) with combustion-gas 
inlets, w, leading to hearths 5,6, and 7 (one only shown), and dampered gas- 
outlets on hearths i, 2, 3, and 4. The main object of having the fireplaces has 
been noted above. It will be seen below that these fireplaces are used as a 
rule only in starting a furnace and in making changes from one class of ore to 
another, when the ore-feed is stopped for a while in order to allow the hearths to 
clear themselves and permit making the desired cut-off. In doing this, the 
temperature of the furnace drops and has to be restored by carbonaceous fuel. 
Some ores which do not generate enough heat to roast of their own accord when 
kindled may require extraneous heat for satisfactory oxidation. 

The introduction of dampered outlets, %, had made it possible to control 
closely the temperatures on the upper hearths on which most of the heat is 
developed in roasting, and thus to permit roasting sulphides of low melting- 
points. In the ordinary McDougall or Wedge pyrite burner the gases as- 
cend in the furnace in a zig-zag path of a direction opposite that of the ore. If 
now, as is the case here on hearths 1-4, there is added a vertical gas flue connected 
by four dampered horizontal passages, x, with the four heartl^, any excess heat 
generated on these hearths can be bled off by pulling out the tiles, y, and thus 
the temperature regulated at will. A slight change in the position of the 
tiles, y, will show a corresponding rise or fall in the temperature measurements 
of the hearths. 

The furnace was introduced in 1911 at the instance of A. L. Dwight at the 
works of the Saint Joseph Lead Co., Herculaneum, Mo., for the rough roasting 
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of matte. The results were so favorable that soon other smelteries followed 
the example. 

The metal parts of a furnace 22 ft. 6 in. in diameter weigh about 140,000 lb. 
and cost with the shaft-insulation $9500. The level brick arches require 
about 60,000 bricks (9 in.); if the hearths are leveled with concrete or other 
inert material, the number of brick is reduced to about 45.000; side- walls 
require about 14,000 brick. The cost of erection is about $1500. 

The furnace may be started in a manner similar to that of the McDougall 
with the exception that on account of the dragging rabble-plows crushed lime- 
stone is not fed at first to form a working bottom. A wood fire is started 
on hearths 3' and 5 and kept going, with a new furnace, for from 3 to 4 days 
in order to bring the brickwork to a dark red. Wood is frequently replaced 
by an oil-flame. Usually, however, the furnace is heated iqD from the fire- 
places on the ground floor. 

The ore is now fed. Its composition ranges from pyrite through mixed lead 
sulphide ore to galena concentrate and matte. The manner of operating 
therefore must show great diversity. The work done is best illustrated by cit- 
ing a few examples; from these it will be possible to arrive at a few general 
statements. 

Plant A . — The furnace is 22 ft. 7 in. in diameter, and the shell 21 ft. 33=-^ in. 
high; it requires 4M t^ie shaft making 17 r.p.h. The gas flues on hearths 1 
and 2 are open for 5.2 sq. ft. The combustion flue on hearth 5 is open for 3.2 sq. 
ft. Three side-doors on hearth 7 are open, the rest are closed. The tempera- 
ture on hearth 4 is 900° C., on hearth 7 about 500'^. On hearths 1, 2, and 3 
there is a gas pressure of 0.5, 0.03, and o.oi in. water; this changes on hearths 
4, 5, 6, and 7 to a depression of 0.02, 0.06, o.io and 0.15 in. water. The ore is 
an iron sulphide in., with Si02 20, Fe 32, CaO i, 2 n 3, Pb i, S 37 per cent. 
The thickness of bed is 5 to 7 in., the duration of roast about 6 hr. The loss 
in weight is about 18 per cent, with a reduction of S-content of about 18 per 
cent. There is made about 2 per cent, flue-dust. The furnace treats in 24 hr. 
50 tons of ore reducing the S-content to 10 per cent. There are required 42 lb. 
good-grade bituminous slack per ton of ore, and three men in 24 hr. excluding 
wheelers for raw and roasted ore. 

Plant B . — The furnace is 2 2 ft. 6 in. in diameter and 25 ft. 9^^^ in. high, requires 
h.p., the shaft making 28 r.p.h. The gas flue on hearth i is open for 8.1 
sq. ft., that on hearth 2 for 5.2 sq. ft., those on hearths 3 and 4 are closed. The 
combustion flues are closed. The side-doors on hearths 1,2, and 3 are closed, 
that on hearth 4 is open 6 in., those on hearths 5 and 6 are closed, that on hearth 
7 is half-open. The draft on hearths 1-7 increases from top to bottom; hearth 
I shows 0.05 in. water; hearth 2 — 0.068 in. ; hearth 3 — 0.076 in. ; hearth 4^ — 0.0S2; 
hearth 5— 0-097; hearth 6 — 0.103; hearth 7 — 0.132. Oxidation is visible on 
hearth 2, and disappears on hearth 5. The ore is a mixture of crude (4-mesh) 
and concentrated (20-mesh) iron sulphi{ie with InsoL 13.6, Fe 34.4, Cu 0.8, 
Pb 2.7, S 37.9 per cent. The thickness of bed is about 4 in.; duration of 
roast about 4 hr.; loss in weight 17.5 per cent,; S-content in roasted ore 20.5 
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per cent, (all sulphide-S); amount of flue-dust small, with Insol. 19.8, Fe 33.3, 
Cu 1.3, Pb 4.1, S 9.5 per cent. There pass through the furnace per minute 
about 10,000 cu. ft. gas; flue gas contains 4-5 per cent. vol. SO2 and 0.3-0.4 
SO3. Bituminous slack coal is used for starting. The furnace treats in 24 
hr. 68 tons ore; it is served by foreman, 3^^ oiler, i fireman and 4 laborers. 

Plant C. The furnace is 22 ft. 6 in. in diameter and 24 ft. 10 in. high, re- 
quires 3.5 h.p. the shaft making 28 r.p.h. Gas flues are open on hearths i and 2 
for 2.35 sq- ft. Oil is used as fuel. Side-doors are opened when furnace gets 
too hot; temperature increases on the whole from hearth i to 6 and decreases 
on hearth 7: hearth i — 482° C.; hearth 2—579 ;^hearth 3—676; hearth 4—704; 
hearth 5—648; hearth 6—704; hearth 7— 593° C. There is a gas pressure of 

in. water on hearths i and 2. The ore is a microcrystalline sulphide crushed 
through a M-in. screen with Si02 8, Fe 21.5, Zn 12, Pb 30, S 22 per cent.; thick- 
ness of bed ranges from 0.8 to above 3 in.; duration of roast 232 hr. Sulphur- 
content in roasted ore is 9-12 per cent, depending upon tonnage; of the lead 
in the roasted ore, 68 per cent, is PbS, 22 is PbS04 and 10 per cent, is PbO. 
Flue-dust per day is 0.25 tons with Si02 8.5, Fe 16, CaO 1.8, Zn 9.8, Pb 25.2, 
S ii.o per cent. There pass through the furnace per minute about 11,000 cu. 
ft. gas; flue gas contains 1.6 per cent. vol. SO2 and 0.2 SO3. There is used 0.5 
gal. oil 30° Be. per ton of ore. The furnace treats in 24 hr. 75 tons ore, and is 
served by i furnace-man and i helper per shift. 

Plant D. — The furnace shell is 21 ft. 7 in. in diameter and 16 ft. 4 in. in 
height, the two bottom hearths having no shell; it requires 5 h.p., the shaft 
making 26 r.p.h. Gas flues on hearths 1-4 are open 4 sq. ft., side-doors on 
hearths 1-5 are closed, those on hearths 6 and 7 are open. Temperatures increase 
from hearths 1—3 and then fall off; hearth i — 260° C.; hearth 2 — 535; hearth 
3 — 620; hearth 4 — 535; hearth 5 — 455° C. Draft on hearths 1-4 is 0.5 in. w’ater. 
Oxidation becomes visible on hearth 2 and disappears on hearth 6. The ore 
is lead matte crushed to 3^^-in. size with Insol. i, Fe 53.5, Zn 4, Cu 4, NiCo 
1.5, Pb 14, S 22 per cent. ; thickness of bed 6 in.; duration of roast 16 hr. There 
is practically no loss in weight. Roasted matte contains 8 per cent, sulphide- 
and 4 per cent. sulphate-S. Flue-dust formed is 5 tons per month; it is smaller 
than 20-mesh, and has the same composition as roasted ore. Flue gases contain 
4 per cent. vol. SO2 and trace SO3. Fuel oil of 26° Be. is used for starting; dur- 
ing run I gal. is burnt per ton of ore. Furnace treats in 24 hr. 50 tons matte; is 
served by 2 men in 8-hr. shift. 

Plant jE. — T he furnace is 22 ft. 6 in. in diameter and 28 ft. i3'2 in height, 
the length of shell is 22 ft. 23^^ in., requires 8.75 h.p., the shaft making 17 r.p.h. 
Gas flues are open for 7 ft. i in. Fuel is used only in starting. Two side-doors 
open on a hearth. Temperature rises from hearths i to 4 and 5, and then falls: 
hearth 1—98° C.; hearth 2—312; hearth 3— 532I hearth 4— 543; hearth -543; 
hearth 6—496; hearth 7—404° C. Draft is greatest on hearth i and decreases 
to hearth 7: hearth i — 0.080 in. water; hearth 2 — 0.070; hearth 3 — 0.065; 
hearth 4 — 0.055; hearth 5— 0.05s; hearth 6 0.050; hearth 7— 0.045* The 
ore is a leady snlphide, from to fine concentrate with SiO* Fe 
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16.3, Zn lo.o, Cu i.o, Pb 23.3, S 27.0 per cent., Ag. 8.1 and An 0.027 oz. 
per ton; thickness of bed 2.5-3 in.; duration of roast 6 hr.; loss in weight 12.5 
per cent. ; roasted ore contains 12.5 percent, sulphide- and 0.47 per cent, sulphate- 
S. Flue-dust formed is 0.71 per cent, with Pb 11.59 Cu 1.81 per cent., 
Ag 10.67 Au 0.058 oz. per ton. There pass through the furnace per minute 
11,200 cu. ft. gas at 471° C.; flue gas contains 4.8 per cent. vol. SO2 and 0.00985 
SO3. Furnace treats in 24 hr. 90 tons ore with 27 per cent. S, reducing this to 
II per cent.; with matte the daily roasting power is 75 tons; attendance 2 men 
per shift. 

The ore delivered from the furnace drops into a vertical cylinder placed 
above a revolving horizontal table, and is moistened with water, thus avoiding 
the formation of dust. From the table the moistened ore is mechanically 
raked into a car. 

Plant F /' — The furnace, 21 ft. 6 in. in diameter and 23 ft. 5 in. high, rough 
roasts in 24 hr. 75-80 tons lead-copper matte, crushed through 4-mesh screen, 
without any extraneous fuel; reduces the S-content from 22 to 5 per cent.; 
makes less than 8 per cent, flue-dust; requires 8 gal. cooling-water per'^min. 
entering at 4 and leaving at 21° C. About 12,000 cu. ft. gas pass off per min. 
Draft is small:, depression in main flue o.i in. water; on hearths i and 2 it is 
0.035 hearth 3 — 0.040 in.; on hearths 4 and 5 it is scarcely measurable. 

Summary . — From the records of six plants it is seen that the manner of 
operating varies with the character of the ore. The leading factor is the proper 
control of temperature; the temperature must be low with leady sulphides and 
does not exceed 700° C. on the third or fourth hearth. If it becomes too high, 
the leady materials soften and adhere to the hearths, from which they have to be 
removed by barring, as was the case in the mechanical reverberatory furnaces 
which did not permit a satisfactory adjustment of heat. This control is obtained 
mainly by the correct admission of air, by opening the gas flues, and by the revo- 
lutions of the main shaft. The air necessary for oxidation is admitted on the 
bottom hearth, to some extent also on the next-following. With ore, only the 
gas flues on hearths i and 2 are opened; in some cases the gases are bled off by 
having the top flue wide open, the second two-thirds, and the third one-half. 
With matte, where there is much danger of fritting; all the gas flues are opened 
somewhat, and this to a greater extent than with ore. In heating the furnace, 
flame may be admitted through the three combustion inlets, w\ usually however 
it enters the fifth or sixth hearth. The number of revolutions of the shaft is 
smaller with matte than with ore. The draft on the hearths is often so weak 
that it is dififlcult to make a measurement; in the main flue the depression ranges 
from 0.1 to 0.4 in. water. The drying hearth on top of the furnace removes only 
from 6 to 7 per cent, water from a concentrate on account of the low temperature 
at which the roast is carried on. The first roasting hearth drives off the remain- 
ing water and heats the ore so that it can kindle on the second; the temperature 
reaches a maximum on the third and in some cases on the fourth hearth, and 
then decreases. The tonnage ranges from 60 and 90 tons sulphide concentrate 
^ See also Anderson, y.j, 1914, xcvm, 51. t 
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(Si02 16-18, Zn 7—10, Pb 20-24, S 27-30 per cent.) with 12 per cent. S 

in roasted ore, to 75 tons matte (Pb 15, Cu 12, Fe 51, S 22 per cent.) with 12 
per cent. S in roasted matte. If concentrates contain more than 28 per cent. S 
it is advisable to dilute them with other material so that the S-content mav not 
exceed this figure. The thickness of bed varies from 3 to 7 in., and is Hkely 
to be nearer 3 than 7. The amount of flue-dust formed varies from 2 to 5 per 
cent., 3 being a fair average. The gases issue from the furnace with a tem- 
perature varying from 225 to 300° C.; they carry about 3 per cent. vol. SO2 and 
only a little SO 3. The fuel necessary is little; the labor required depends upon 
the number of furnaces and the local arrangements for handling materials; 
the power varies from 3 to 5 h.p. 

A study of the work done by the different forms of McDougall furnaces^ 
will show the changes in mode of operating necessary for treating materials 
that are readily fusible. 

93. Huntington-Heberleia Process.^ — This process in its original form (§84) 
comprises five operations: preparing of crushed ore, mixing of sulphide lead ore 
and limestone, rough roasting in a reverberatory furnace, moistening rough- 
roasted mixture, forcing air through it in a pot, and discharging blast roasted 
charge. 

The process originally intended for a galena concentrate has been changed 
in many instances to meet new conditions. Thus, the presence of limestone 
having been found not to be essential, its addition has been dispensed with, 
and stress laid mainly upon the chemical composition and the physical con- 
dition of the charge. The mixtures at present are made up of oxidize fines, 
silicious sulphides, concentrates, slimes, and rough-roasted high-S ores; flue- 
dust^ appears to interfere to some extent with the process."^ Facts regarding 
these points are contained in Table 46. 

Rough roasting of mixtures, frequently prepared by bedding the com- 
ponents, has been discussed in §88-92. The work of the Godfrey furnace (§90) 
merits special attention, because this furnace as w^ell as its counterpart, the 
Huntington-Heberlein, was formerly used exclusively for rough roasting. 

The usual way of adding the water necessary for moistening the rough roasted 
mixture is to have a spray of water, issuing from a horizontal pipe with num- 
erous perforations on the lower side, sprinkle the ore as it drops from the furnace 
into the receiving bin, from which it is transferred either into cars or by means 
of a conveyor or elevator into the feed-hoppers of a battery of blowing-pots; 
it may however go first into a brick storage-bin which serves the battery. 
Figs. 133-137 show such an arrangement. 

The cast-iron pots originally used by Himtington and Heberlein were conical, 
carried detachable hoods, and held a little over a ton of charge; they were 

1 Hofman, “ Metallurgy of Copper,” 1918, 91. 

2 Huntington-Heberlein, Eng. Min. J., 1906, rxxxi, 1005; German Patent No. 9 S< 5 <=>i» 
1897; U. S. Patent No. 600347, March 8, 1898. 

3 Palmer, Tr. A. I. M. E., 1914, xiax, 511. 

Norton, RMell, Dwight, l&c. di., p. 485 and foil. 

12 
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mounted on trucks and trundled to the reverberatory furnaces to receive their 
charges. The size of pot was soon doubled, and then further increased to hold 
charges of 8 tons at Port Pirie, N. S. W,^ and lo tons at Tarnowitz, Silesia, 2 
Chillagoa, Queensland^ and other localities. The large-size pots were mounted 
on trunnions and tipped by worm and hand- wheel; the hoods were fixed in the 
building. 

In the United States the pots are always of cast iron and have a capacity of 
from 8 to 12 tons charge; they are close on to 9 ft. inner diameter and 4 ft. 8 in. 
deep. In the older plants and in small works the pots are mounted on trunnions 
9 ft. and more above the floor, and dumped with worm and hand-wheel. 



In modern large-size smelteries they rest on piers either on the furnace floor or 
in a pit, and are manipulated by means of an overhead crane. Originally 
the pots were single castings; they cracked frequently owing to the severe 
thermal and mechanical strains to which they are subjected. At present pots 
are cast in flanged sections, the bottom and four side-sections are bolted to- 
gether, and the joints are made tight with asbestos packing. Such a pot is 
shown in Figs. 141-144, which require no comment. The blast-inlet pipe, from 
to 6 in. in diameter, entering tangentially at the bottom delivers pressure- 
air beneath a circular cast-iron plate, 6 to 8 ft. in diameter, with 200 ± holes 

^ Delprat, Tr. Austr. Instit. Min. Eng., 1907, xu, i. 

^Birnbaum, Zt. Berg. HiiUen. Sal. W. i. Pr., 1905, liii, 219; Eng. Min. J., 1905, xxxx, 
535, 680. 

® Williams, Eng. Min. J., 1909, Lxxxvn 603 
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Fk;.146 cap. 100,000 108. FiG.147 

Figs. 145 to 147.— Hunlington Ikbirlcin plant with Goilfrey fimiaocs and iiots tilted by worm and hand-wheel 
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% to % in. in diameter. The plate, usually called grate, was at first cast in 
one piece; at present it is made up of from 4 to 6 rabbeted sectoral pieces which 
are supported at the center by a column about 18 in. high. 

Two examples may serve to show the general arrangement and the details of 
a modern Huntington-Heberlein plant. 

I. EufitifLgton-Hebefleifi Pldfit with Godfrey Furfiaces cind Pots Tilted by 
Worm and Hand-wheel — This is shown in Figs. 145-147. Fig. 145 gives the 
general plan. The roasting division has five Godfrey furnaces. Nos. 1-5, 29 ft, 
4 in. outer diameter, placed at 38-ft. centers; the blast-roasting department 
has 10 H. & H. pots. Nos. i-io, 8 ft. 8^ in. in diameter, placed at 15-ft. centers; 
between the two lies the machinery section. The total length of plant is 228-f- 
150 = 378 ft., and the width 100 ft. 

The ore arrives from the ore-beds in Truax cars (Fig. 146) on track, a, Fig. 
145; is raised by hydraulic plunger elevator, h (run, 33 ft.; speed, 60 ft. per min.; 
load, 500 lb.) and moved over track, c, to be discharged into feed-hoppers, d, of 
the Godfrey furnaces. To the right of each of these are the fireplaces, e. The 
gases pass off through gable-shaped pipe flues, /, into main flue and dust 
chamber, g, leading to chimney, h. The rough-roasted ore is discharged into bins, 
i, emptied from bottoms and sides into ore-cars running on tracks,/ and/', to 
hydraulic elevator, 5 , which raises the material to the level of overhead track, 
from which it is fed into blast roasting pots i-io. The gases from the pots pass 
at the back through gable-shaped necks into main flue, g. The blast roasted 
cakes are dumped at the front on to platform, n, where they fall upon block, 
y, Fig. 147, and are further broken by hand, and the lumps then loaded into 
steel cars, 0, on sunken track, p. 

The machinery division has a 50-h.p. motor to drive a No. 6 Connersville 
blower furnishing blast to the pots; a 15-h.p. motor to drive a 5H by 8-in. 
triple Gould pump to provide pressure-water to tank, 4 ft. in diameter and 
12 ft- long, and a 20-h.p. motor drive through pulley, 76 in. in diameter, line- 
shaft, g, 2jjL6 in. in diameter, making 150 r.p.m., which is connected by trans- 
mission, r, with the five Godfrey furnaces. Fig. 146 gives the vertical section, 
AB, oi Fig. 145 through the fireplace of a Godfrey furnace, and gives details of 
the latter. These have been touched upon above, and are clear from the dis- 
cussions given in connection with Figs. 133— 137. It may be added that the 
gases from furnaces Nos. 2, 3, and 5 pass through horizontal flue, z, into main 
flue, g, while those from furnaces Nos. i and 4 travel through gable-shaped 
flue, /. 

Fig. 147 gives the vertical section, CD, of Fig. 145 through an H. & H. 
pot. The pot, 8 ft. 83 >'^ in. in diameter, is suspended below its center of gravity 
by trunnions. It is tilted in a vertical plane from the working-platform by means 
of worm-gear, x, which consists of an endless screw with hand- wheel and a spi- 
rally toothed wheel. The pot has a sectional grate, t, beneath which enters the 
6-in. blast-inlet connected by means of a rubber hose with the blast-main. The 
space beneath the grate has a clean-out door, x. The pot is covered with sheet- 
iron hood, u, provided with feed-opening, v, to receive the charge, and with doors, 
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w, for watching the progress of a blow and for poking down blow-holes that 
are likely to form. 

2. Huntington-Heherlein Plant with Godfrey Furnaces and Pots Manipulated 
by Electric Crane. Fig. 148 gives a cross-section showing the leading features. 
Ore and coal arrive on 16-inch belt-conveyor, a, which delivers into bins (ore-bins, 
b, only are shown) whence the materials are drawn into cars to be discharged 
into Godfrey furnace, c, or coal-bins, d, which serve the fireplaces. The power 
necessary for driving the machinery is derived from main shaft, e, and transmit- 
ted through belting to the conveyor and the Godfrey furnaces. From these the 



Fig. 14S. — Huntington-Heherlein plant with Godfrey furnaces and pots manipulated by 

electric crane. 

ashes are hauled away in cars,/; the gases pass off through pipes, ^,into balloon 
flue, h ; the rough-roasted ore is discharged into cars, f, w^hich dehver their contents 
to pots, /. A series of 15-ton pots, one to three roasters, is placed in a pit served 
from an overhead 20-ton electric crane. The pots, 8 ft. 8 in. in diameter and 
4 ft- SM deep, are made up of 4 side-pieces and one bottom-piece; they rest 
on floor-blocks. The movable hoods, k, are balanced and deliver the gases 
through telescope joints to stationary pipes ending in balloon-flue, h. A pot is 
charged from a platform and transferred to its place, the hood is lowered, and 
blowing started. After a blow, the hood is raised, the pot, lifted by the electric 
crane, transferred to one end of the building, and there, by means of hook and 
chain, overturned from its elevated position to discharge the cake, which falls 
upon a platform of rails or I-beams. Frequently the fines lying on the top of 
the cake are poured off in a separate place while the pot travels from pit to 
dumping-platform. The larger pieces of blast roasted cake are picked up by 
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the crane and dropped again; the smaller are lifted by hand or shoveled into a 
Blake crusher which reduces them to the proper size for the blast furnace. 

The mode of operating a pot varies as regards detail in different plants, but 
is practically the same in its general features. 

For the protection of the grate some works give a layer of 2 or 3 in. of 
ashes, crushed silicious ore, or limestone before they introduce the kindling; 
others begin with kindling. It used to be more common than it is at present 
to spread a barrow-load of ashes in a thin layer and follow this with, a charge of 
hot calcines which served as kindling. Instead of ashes, calcareous or 
silicious ore free from Pb is frequently given at first. With charges low in Pb 
or charges which do not sinter readily the use of hot calcines forms a quick and 
efficient method of starting. With high-lead charges there is danger of the 
bottom of the charge sintering and thus obstructing the passage of the blast. 
Therefore hot calcines are not used in such cases, but half-burnt coal from the 
Godfrey furnaces. Wood serves as kindling where hot coals are not available. 
At El Paso, Tex., two Godfrey furnaces* are fired with oil, and one with coal in 
order to furnish the ignition fuel for the pots. The main consideration is to 
bring the charge to the kindling temperature without causing it to cake. 

With the kindling burning in place and the blast started, from i to 2 tons 
ore-charge is given, and the blast roast started with blast pressure of from i to 
2 oz. per sq. in. When this is under way, the rest of the charge, from 8 
to 9 tons, is introduced, and the blast pressure raised, from 4 to 6 oz. at a time, 
until the maximum of 12 or 14 oz. is reached. Toward the end of a blow the 
pressure is generally lowered in order to prevent an excessive loss by dusting. 

When a charge has been ignited, the oxidation with the sintering pro-" 
grosses upward. The sintering is probably caused by the union of SiOa and 
PbO with other components such as CaO and FeO, perhaps also of CaO 
and Fe203.^ The temperature^ attained reaches 1000° and 1200° C., and falls 
off quickly when oxidation and sintering cease. Thus the sintered charge 
beneath the rising zone of oxidation cools, and does this quickly owing to the 
blast passing through it. 

The gases from the pots contain little SO2; the volume of gas set free at 
first is small, increases gradually, and finally falls off quickly. It has always 
been held that the SO2 could not be utilized in the manufacture of H2SO1. 
According to Wislecenus^ SO2 is converted into SO3 by the contact process at 
a German plant, the pots being run in consecutive order to furnish a uniform 
percentage of SO2. 

When a charge has been blown, either the pot with cake and fines is dumped 
on to a brick pavement beneath a battery of pots, as in Fig. 147, whereupon the 

^ Vail, Eng. Min. 1914., xcvm, 465. 

Easter, Tr. A. I. M. E., 1915, lii, 716. 

2 Kohlmeyer-Hilpert, Metallurgie, 1910, vii, 194, 225. 

Kohlmeyer, loc. cU.,-g. 289. 

® IIofman-Reynolds- Wells, Tr. A. I. M. JS., 1907, xxxviii, 126. 

* TJeber die Grundlagen technischer and gesetzlicher Maassnahmen gegen Rauchschadenj 
Parey, Berlin, 1908, 45, 
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cake is broken with sledges, and the pieces with fines are transferred to a crusher; 
or the pot is raised from its supports by an electric crane, as in Fig. 148, 
transferred to near one end of the building, where the fines are poured off, and 
then to the end proper, where is situated the breaking floor. This usually 
has a large-mouth crusher which receives lumps of suitable size. 


Table 46. — Huntikgtok-Heberi.eix Process 



j Trail, B. C. 

A. S. & R. Co. 

A. S. & R. Co. 

A. S. & R. Co. 

Pox: 

Sectional or single casting 

j Sectional 

Sectional Sectional 

Sectional 

Diameter, ft., in 

1 8- 1 1 inner 

10-9 outer 

8-8 inner 

3-S inner 

Depth, ft., in 


2-10 & 2-0 


4,-6 

Blast inlet, diameter, in 

6 

5 


5 

Suspension, manner of 

Rests on con- 
crete piers 

Trunnions 

Rests on floor Concrete pit 
blocks 

Power for handling 

Electric crane 

Electric crane 

Electric crane 

Slectric crane 

General arrangement of series 

4 rows, 9 pots 
in a row 

3 pots in a row 
i6-ft. centers 


rows, 12 pots 
in a row 

Grate : 

Sectional or single casting 

4 sections 

6 sections 

6 sections 

6 sectioias 

Diameter, ft., in 

6-0 

8-6^i 

6-0 

S-ii 

Height of center above bottom, in. 

18 

20(4) 


18 

Holes, No. and diameter, in 

1,400. H 


2, roo, H to 

2,600, ^8 to ?4 

Charge Mixture: 

Character 

(l) 

Porous 

<6) 

(lO) 

Size of particles, in 

Ore through ; 
limestone 

K-i 

0.355 

?--i6 to fine 

Chemical analysis. . 

(2) 

(5) 

( 7 ) 

(ii> 

Water, per cent.. . . 

Enough to make 
charge ball in 
hand 

5-8 

4-6 

6-10 

Weight, tons 

8 

10-12 

8(?) 

7 Cdump bal- 
ance) 

Kindling, manner of. 

Slabwood 

Ashes on grate; 
then coal fire 

Hot coals from 
Godfrey 

Hot ore 

Feeding, manner of.. 

Frombin, charge. Whole charge at Dump by means 

1,500 hot Gcd- 


mixed in roaster! once 

of electric crane 

trey calcines 

Emptying, means of. 

,ift and dump -Lift and dump Lift and dump Lift and dump 


by crane 

by crane 

by electric crane 

by electric crane 

Blast pressure, start and finish, oz.. 

4-8 

8-16 

4-12 

12-16 

Duration of blow, hr 

6-12 


8(?) 

8C?) 

Cake, Blast-roasted : t 

Loss in weight, per cent 


3-4 

5 

9 

Fines, per cent. 

25 

5-iS 

5-15 

10 

Sulphide-S, Sulphate-S, per cent.. .. 

Total 4. 5-6.5 

Q. 2-2.0 

1. 3-1. 2 

5. 0-0. 7 

Flue-dust; 

Amount 

30 pots = 50 
tons per year 

N. d. 

0.2 per cent. (8) 

0.8 

Chemical analysis 

(3) 


(9) 

(12) 

Gas:- 





Volume, cu. ft., per min 

61,000 

1,300—1,800 

800-1,000 

1,600 

Per cent. SO2, SOs 

;o.2/o.8-none 

N. d. 

N. d. 

1. 5-0. 0052 

Labor per Shirt: 

I man. 3 pots 

I man, 3 pots 

j I man, 3 pots 

r man, 2 pots 


(i) Complex lead-zinc ore, galena cone., limestone. (2) Pb 27, Pe 18, SiO* 8.6, CaO 8. ZnO 10.2. S 1 1. 
(3) Pb 43.6, Pe ii.o. SiO* 3.0, CuO 4.0. S ii-3, Zn 4.8. (4) 10 in- above bottom of grate, (s) Pb 49-3. SiO* 
10. s’ FeO 1S.4. CaO 4.9, S 8.9, MgO 2.4. A1*0*. 2.4. Zn 3.9. (6) Matte, galena, flotation slime. siHcions sul- 
phide, pre-roasted Godfrey material, limestone. (7) SiO* 6, Pe 30, CaO 0-5. S 9, Zn 8, Pb 21, Cu S- (8) Iii- 
cludes dust from H. & H, (9) SiOi 5.8, Pe 11.7. Zn 3.2, CaO trace. S 8.1. Pb 23. Cu 3. Ag 18 oz.. Au trace, 
(lo) Pre-roasted ore, matte, sulphides, silicious lead ore. (ii) Ph 21, Cu I, SiO* 22, Zn 8.4, S 14.S. Pe 
IS, CaO 3. (12) Pb3i.Cui,8.SiO* 3.7.Zn4. S.rs. 6 . Pe 1S.3. 
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At the works of the consolidated Mining and Smelting Co. of Canada, 
Trail, B. C., which have 38 H. & H. pots, a crane delivers the blown pot to the 
breaking floor, pours off the fines, and dumps the cake, which is brokeu by a 
drop-weight into lumps. An electric crane with clam-shell bucket picks up 
lump and fines, and delivers both to a horizontal bed, ii by 8 ft., of steel rollers, 
5-6 in. in diameter and 3-in. centers; these screen out the fines, which go to the 
Dwight-Lloyd machines, and feed the over-size to a Blake crusher, 24 by 36 in. 
The crushed material drops into cars which are hauled to storage-bins of cement 
concrete, and emptied. 

Details of Himtington-Heberlein pots are given in Table 46. 

Double- treatment is taken up in §100. 

The cost of blast roasting of 1,000 tons or more ore in a 50-ton plant has been 
estimated by Austin. ^ The loss in weight was 25 per cent.; the gain in Au, 
7 per cent.; the loss in Ag, 1.4 per cent.; in Pb, 8.5 per cent.; and in Cu, 1.4 per 
cent. An average analysis of blast roasted ore gave: Si02 6, Fe 35, Cu i, 
Zn 8.5, Pb 15, S 5-5 per cent., and Ag. 21 oz. per ton. The cost of blast roasting 
was. 13 men at $2.10 per day, $27.34; foreman (part), $1.40; fuel for roasting 
(slack coal), 6 tons at $1.55, $9.30; power (estimated), $3.00; lighting (estimated) 
$0.40; repairs and supplies (estimated), $2.50; total for 43 tons, $43.94, or 
$1.02 per ton. 

The cost of roasting in a hand reverberatory furnace at the same plant was 
$2.00 per ton; and of briquetting roasted material, $0.60 per ton. The loss 
in Pb ranged from ii to 17 per cent. 

Comparing the two processes gives: cost, I1.02 vs. $2.60; loss in Pb, 
8.5 vs. 11-17 per cent.; quality of product for blast furnace, good vs. passable. 

Another estimate of cost is that of Ingalls^ which gives a higher figure. 

94. Other Forms of Bp-draft Blast Roasting Pots and Processes. — The 
success of the Huntington-Heberlein process prompted the construction of 
different forms of pots which in part called for modifications in the mode of 
operating. 

In Fig. 148 the gases from the pot ascend through a vertical telescopic and 
then through an inclined pipe into the balloon flue. The telescope pipe is 
in the way of the crane; it is quickly corroded as is the balloon hue, the life of 
the pipe averaging perhaps only 6 months; the dripping moisture also corrodes 
the hood of the pot. These disadvantages are obviated by the Richard hood, 
shown in Figs. 149-151. Hood a, which has a larger diameter than blow-pot, 
b, rests in groove, c, carried by brick and concrete wall, d; the joint is made gas- 
tight by a sand-seal. From the side of the hood passes out horizontally pipe, 
€y with elbow which reaches into the sand-seal placed on top of brick-chamber, 
/; from this, uptake, g, carries off the gases to the balloon flue serving a series of 
pots. When a charge is to be introduced or the blast roasted cake to be 
discharged, hood, a, with pipe, e, is raised by means of an electric traveling crane 
and transferred to one side, and then the pot removed to the dumping-platform. 

^ Min. Sc. Press, 1908, xcvi, 641. 

® Tr. A. I. M. E.y 1907, xxxvn, 528. 
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In some plants the pot with its blowm charge is first placed by the crane on to 
platform scales to ascertain the loss in weight caused b3' blast roasting- The 



Richard hood has replaced the usual form in several plants, and is going to do it 
in others. 

F. D. Baker ^ patented a hood which covers the blowing pot in manner 
1 U. S. Patent No. 942810, Dec. 7, 1809- 
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similar to that of Richard, but the gases set free in blast roasting are deflected 
by the hood, pass off between hood and rim of pot, descend outside of the latter, 
and enter a flue connected with an exhaust apparatus. Doors in the hood 
give access to the charge when the blast has been shut off. This pot, found in 
several Colorado plants, has the disadvantage that it has to be filled before the 
blast can be turned on, and does not permit correcting surface conditions of the 
charge without shutting off the blast, and even then much smoke passes off into 
the open. These pots have therefore fallen into disfavor. 

H. Haas^ constructed a pot which was in operation at Torreon, Mexico. 
The essential parts are a bowl-shaped, cast-iron vessel, 6 by 12 ft., with grate, 
holding 10 tons of charge, supported by trunnions through which enters the 
blast; a stationary hood (with doors) delivering the gases to a balloon-shaped 
dust-flue; a hopper for holding the prepared mixture supplied by a belt-conveyor; 
a tilting device; and an adjustable air-supply. With a 400- ton plant of 20 
units, each treating two charges per day, the cost of blast roasting is estimated at 
68 cts. per ton, 

H. C. Bellinger^ patented a continuous up-draft furnace which consists of a 
horizontal traveling grate, over part of which extends a vaulted roasting chamber 
connected by a pipe with a device for furnishing induced draft. At the fuel 
end of the grate and outside of the roasting chamber are two hoppers; one feeds 
the ore mixture on to the grate to be ignited by a burner; the other feeds on top of 
the ore a bed of crushed limestone, coarse ore, or other suitable material which, 
serving as a filter, holds back the dust created by the power of the induced draft. 
The sintered ore is discharged outside of the roasting chamber at the end op- 
posite the feed. 

Another apparatus to be mentioned is that of Vivian. 

Robinson Roaster-box.^— This has been in operation at Midvale, Utah. 
The leading parts are a perforated cast-iron plate forming the roof of an air- 
box and the floor of a low brick shaft with door at the back for admittance of 
rack- and pinion-driven pusher, and a sliding door at the front for passage of 
blast roasted cake. A row of 20 furnaces did the work of the plant at a cost of 
$1.20 per ton. They have been replaced by Dwight-Lloyd machines (§97). 

F. G, Kelley^ used at the Tin tic smeltery, Utah, a tilting tray-shaped 
vessel with grate, provided wdth under-grate blast, and movable hood. 

Knapp-Kunze® blast roasted raw copper-bearing galena in pots at Zeehan, 
Tasmania, where the operation goes by the name of the Knapp-Kunze 
process. 

McMurtry-Rogers^ did similar work with copper ores and matte at Wallaroo, 

^ Eng. Min. igxo, xc, 814. 

^ U. S. Patent No. 942052, Dec. 10, igio. 

® U, S. Patent, No. 950798, March i, 1910. 

^ Hofman, Tr. A. I. M. E., 1910, xli, 747. 

Palmer, Mines and Minerals^ 1909— 10, xxx, 496. 

® Hofman, Tr. A. I. M. E., 1910, xli, 747. 

® Poole, Sydney University Eng’g. Soc., Nov. ii, 1898. 

^ Cloud, Tr. Inst. Min. Met,, 1906-07, xvi, 31 1. 
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South Australia, as did Wallace with the Detroit Copper Co., iNIorenci, Ariz., 
and Browne with the Canadian Copper Co., Copper Cliff, Ont.^ 

There may be mentioned the Bormettes process- which consists in incorporat- 
ing sulphide lead ore into fluid slag by stirring, and then blowing the mass in a 
pot; and the Lotti process® which is similar. 

F. Heberlein patented'^ the agglomeration in a converter of iron oxides, 
manganese oxides, flue-dust, etc. by adding carbonaceous fuel to the charge, and 
blowing this in the usual way; photomicrographs of the agglomerated material 
have been prepared by Klugh.® 

95. Carmichael-Bradford. Process.® — The leading points of this process, 
which had its origin in Australia, are that sulphide lead ore is mixed with partly 
dehydrated gypsum; that the mixture is wetted, dried, broken into lumps; and 
that the lumps are blast roasted in a pot in which a small Are has been started. 
The products are a porous desulphurized cake, and a gas rich in SO2 and SO, '5. 
The process was in operation at Port Pirie, N. S, W,, but has been replaced by 
Dwight-Lloyd machines (§97). 

The gypsum, CaS04-}-2H20,is ground in a disintegrator, heated to 200" C. on 
an iron pan, 20 ft. long, with push-conveyor, to expel in 20 min. about 50 per 
cent, of the water (CaS04-f-iH20),and screened to remove lumps, which are dis- 
carded, as they run high in SiOs. Galena and sulphide concentrates are worked 
with partly dehydrated gypsum in the proportion of 3 : i in a treater having flat 
revolving cones. The material dropping from the mixer is wetted and passed 
into a horizontal pug-mill, 6-8 ft. long and 2 ft. 6 in. in diameter, from which 
it issues through %-in. holes in the form of bars, and drops into a conical drum, 
5 ft. long, 2 and 4 ft. in diameter, making 20-25 r.p.m., which breaks the bars 
into pieces of nut-size. These are delivered to a pan-conveyor which travels 
at the rate of i ft. per min. through a drying furnace 10 ft. long. The granulated 
material loses 50 per cent, of its water, comes to a set, and is ready for the con- 
verting pots- 

The general average of the charge-mixture is PbS 29, ZnS 21, FeS 2, 
Fe203 2.5, FeO i, MnO 5, AI2O3 3, CaO 10, SiOo 14, SOg 12; total 99.5 per cent. 

The converters are conical pots suspended 6—7 ft. above the floor and tilted 
by a worm-gear; they have the usual grates, are 6 ft. in diameter and 5 ft. 
deep, have a capacity of 4 tons charge; a pot is blown through a 4-in. pipe 
in about i hr. with a blast pressure of 10 oz. The S-content of the charge 
is reduced from 14 to 4 per cent.; an average analysis of the gas is SO3 0-4, 

1 Hofman, Tr. A. I. M. E., 1910, xni, 749 * 

2 Eng. Min. J., 1905, nxxx, 580; Mining Mag., igoS. xii, 426; MelaUnrgic, 1905, ii, 353. 

3 U. S. Patent No. 847017, March 12, 1907. 

* Oesterr. Zt. Berg. Huttenw., 1908, xlw, 555. 

^ Tr. A. I. M. E., 1913, XLV, 334- 

® U. S. Patent No. 705904, July 12, 1902. 

Clark, Eng. Min. J., 1903, Lxxvm, 708. 

Editor, op. cU., 1905, nxxx, 778, ill. 

Poole, Bull. Sydney University Eng'g Soc., Nov. ii, 1908. 

Hofman-Mostowitsch, Tr. A.I.M. E., 1908, xxxix, 628. 
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SO2 8.5, CO2 0.5, CO none, O 10.6, N 80 per cent. vol. In the process, fuel is 
fed and kindled, a gentle blast turned on, the charge introduced, and the hood 
lowered. The charge warms, water is driven off, then follows sulphurous gas, 
which is conducted into a sulphuric-acid chamber. 

There has been much speculation regarding the chemical reactions in which 
this process differs from the Huntington-Heberlein and Savelsberg processes 
treated in §§93 and 96. Hofman-Mostowitsch^ found that the decomposition 
temperatures of CaS04 by heat in the absence or presence of Si02 are higher 
than those attained in blast roasting; Schlitz,^ however, has shown that the 
decomposition of CaS04 by Si02 in the presence of TbS (see §85) begins at 
800° C. and is complete at 1,000-1,100° C.; also that the strongly endothermic 
reaction requires the presence of an extraneous source of heat, which in the 
present case is supplied by FeS and ZnS. The supposed reaction PbS-f- 
CaS04 = PbS04+CaS does not take place. ^ The short time required for 
treating a charge may be attributed to the intimate mixture of ore and flux, 
and to the reaction of Schiitz. 

The cost per ton of ore, with labor at $1,80 per 8 hr., gypsum at $2.40 
per 2240 lb., and coal at $8.40 per 2240 lb. is estimated to be: 0.21^ ton 
gypsum, $0.60; dehydrating and granulating gypsum, $0.48; drying charge 
mixture, $0.12; converting, $0.24; breaking sintered cake, $0.12; o.oi ton coal, 
$0.08; total, $1,64. Crediting lime in the sintered product, estimated at 
$0.12, reduces the cost to $1.52. 

Prom the foregoing it appears that in principle and practice the process 
gives good results, provided there is a cheap supply of gypsum, and a satisfactory 
way for utilizing the large volume of SO2 set free; its field is therefore limited. 
The reasons for giving up the process in Australia were that the sulphurous gas 
never gave an S02-content exceeding 2.6 per cent, and that the S-content of 
the cake averaged 6.8 per cent.^ 

96. Savelsberg Process.® — The leading feature of this process is that raw 
galena concentrate mixed with from 15 to 20 per cent, crushed limestone and 
silicious ore, and wetted, is charged gradually into a pot on to a glowing bed of 
fuel, and blown. The converter is bowl-shaped and rests upon a truck. The 
original pots had a capacity of from i to 2 tons charge, but have been increased 
in size to hold 8 tons. 

At Ramsbeck, Westphalia, the converter is 6.56 ft. in diameter, weighs 
,2860 lb., and holds an 8-ton charge. A typical charge consists of 100 parts 

Tr. A. 1 . M. E., 1908, XXXIX, 628. 

^ Metallurgie, igiijVm, 228. 

®Doeltz, Metallurgie, 1905, n, 460; Eng. Min. J., 1906, lxxxi, 175, see also §85. 

^ Riddell, G. C., private communication, Sept. 13, 1916. 

® U. S. Patent No. 755598, March 22, 1904-, German Patent No. 171215, 1906 

Ingalls, Eng. Min. 1905, LXXX, 1067. 

Savelsberg, Min. Mag., 19055X11, 391. 

Editor, Eng. Min. J., xgo 6 , lxxxi, 1136. 

Hofman-Reynolds-Wells, Tr. A. J. M. E., 1907, xxxvm, 126. 

Hof man, op. cit,, 1910, xli, 746. 



SMELTING LEAD ORES IN THE BLAST FURNACE 189 


galena concentrate (Pb 60-78, and S 15 per cent.), 10 silicious silver ore, 

10 spathic iron ore, and 19 limestone- The mixture contains therefore about 

11 per cent. S and 9 per cent. Si02. Ore and flux are pulverized separately 
in roller- or ball-mills to pass a 3-mm. screen, are bedded, and mixed twice; 
before the second mixing 5 per cent, water is added. In starting a blow, the 
grate is covered with a layer of crushed limestone ; this is followed b\" a bed of 
glowing coal, and the latter covered with limestone. The blast is started, 
and moistened charge fed to a depth of about 12 in. Wlien the surface has 
become red hot, a second layer of mixture is introduced, and the operation 
continued until the converter is filled. WTiile charging, about 250 cu. ft. of 
air is forced in per minute at a pressure of from 2.75 to 4.50 oz. per sq. in.; 
the volume is then increased until the pressure reaches 1 1.5- 13. 5 oz. The 
8- ton charge is blown in about 18 hr. The converter is tilted, and the cake 
dumped upon a vertical iron bar; it is thus broken into several pieces which are 
further reduced in size by hand. Under favorable conditions the S-content 
of the charge is reduced to 2-3 per cent.; the loss in Pb is said to be i per cent, 
and that of Ag nil. 

At Herculaneum, Mo.,’^ the Saint Joseph Lead Co. had in operation 18 pots 
placed in two rows. A pot, cast in one piece, was ft. in diameter and 4J2 
ft. deep, and had a 5-in. blast-inlet. The grate, cast in two pieces, was 3) § ft. 
in diameter and 8 in. above the bottom at center; it had thirty } 2- in. holes. 
The pots were suspended from trunnions and tilted by worm-gear. charge 
of 7 tons, consisting of galena concentrate and roasted matte ranging from 
J-^-in. to 200-mesh, and mill-tailing, was prepared mechanically,- delivered 
by belt-conveyor to boot of elevator, discharged into bin above charging-floor 
and fed from there by hand to the pots. The following two analyses give the 
composition: SiOa 13.12, FeO 5.90, CaO 6.60, MgO 3.30, Pb 47.40, Zn 2.10, 
S 11.20, H2O 6 per cent.; and 810-2 12, FeO 20, CaO 9, Pb 42, S 10-12, H^O 
5 per cent. In starting, glowing coal from a separate fireplace was first 
put in, the blast turned on, and then charge fed gradually until the pot was 
filled. The blast-pressure, 10 oz. at first, was raised to 20 oz., and increased 
to 25 oz. toward the end of the lo-hr. blow; the amount of air blown ranged 
from 1000 to 1500 cu. ft. per min.; from 15 to 20 per cent, of the charge 
remained unsintered and had to be retreated. The blast roasted cake was 
dumped and broken by hand; its composition was SiOa 17.2, FeO 9.0, CaO 7.0, 
MgO 4.0, Pb 44.2 Zn 3.8, S 2.3 per cent. The S-content of this analysis is low, 
the average is nearer 3.5 per cent., of which 3.0 per cent, is sulphide- and 0.5 
sulphate-S. The flue-dust formed amounted to about 2 per cent. One man 
in a shift looked after a pot. The charge lost about 10 per cent, in weight; 
the loss in Pb was about 2^ per cent. A pot fuirnished about 12 tons blast 
roasted material per day. The cost was about $2 per ton charge. 

The process has been replaced by blast roasting in a Dwight-Lloyd machine, 
(§97) which has halved the cost. Its additional disadvantages have been 

1 Private communication by O. M. Biharz, 1910, and W. A. Smith, 1916. 

2 Editor, Eng. Min. 1910, xxxxrx, 648. 
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the requiFement of adding a large amount of limestone to reduce the calorific 
power of the ore, and the necessity of decomposing it afterward. 

The process^ is very sensitive to slight variations in composition of charge 
and requires close adherence to certain proportions of Si02 and PbO. 

A calculation of the heat distribution in a specific case by J. W. Richards^ 
shows that 22 per cent, of the heat passes off in gases, 18 per cent, is required 
for the decomposition of limestone and 4 for that of the siderite, 9 per cent, 
for the evaporation of moisture, 23 per cent, is found in the sensible heat (@,400° 
C.) of the product, and the difference, 25 per cent., is lost by radiation and 
conduction. 

Laboratory experiments by Hofman-Reynolds-Wells'"^ with charges weighing 
20 kg. have covered the composition of charge, pressure of blast, rise and fall 
of temperature, and loss in Pb and Ag; see also Packard.'^ 

An innovation in the original process is the admission of steam with the 
blast. ^ The steam is to condense in part in the upper cooler layers of the 
charge, to moisten them and thus prevent dusting; in part it is to be decomposed 
by the glowing fuel, form water gas, and thus promote sintering. 

97. Dwight-Lloyd Process.® — This process differs from the intermittent 
up-draft processes so far discussed, in that it works continuously with a down- 
draft acting upon a thin layer of ore spread on and held in place by a traveling 
grate. Up-draft processes have the following disadvantages; They are in- 
termittent; the pots require much attention; the charges may contain only a 
small percentage of fines; they are liable to suffer loss in Pb, as they are exposed 
for considerable time to the influences of hot gases; they are evenly sintered 
and furnish considerable amounts of fines which cause loss by dusting and vola- 
tilization, and have to be retreated; the sinter-cakes have to be broken, which 


^ Mostowitsch, Tr. A. I. M. E., 1916, uv, 741. 

2 “ Metallurgical Calculations, McGraw-Hill Book Co., New York, 1918, part iii, p. 586. 
^Tr. A. I. M. E., 1907, xxxvmi, 1261. 


‘^Loc. ciL, p. 935. 

sSavelsberg, U. S. Patent No. 11033118, July 14, 1914. 
® Dwight, Min. Ind., 1907, xwi, 380. 

Hofman, Tr. A. I. M. E., 1910, xli, 755. 

Dwight, op. cit., 1914, XLIX, 491. 

Work carried on at: 

Trail B. C.; Jacobs, Met. Chem. Eng., 1911, ix, 405. 
Salida, C<5lo.; Hough, Min. Sc. Press, 1912, civ, 893. 
Correspondent, Met. Chem. Eng., 1912, x, 87. 

Weeks, Tr. A. I. M. E., 1915, Lii, 711. 


Tooele, Utah; Thomson-Sicka, op. cit., 1913, xlvi, 946. 

Herculaneum, Mo.; Pulsifer, Min, Eng. World, 1913, xxxlx, 1054. 

Editor, Eng. Min. J., 1914, xcviii, 900. 

East Helena, Mont.; Riddell, Tr. A. I. M. E., 1914, xlix, 495, 530 
Newhouse, op. cit., 1914, xlix, 525. 

Murray, Utah; Norton, op. ciC, 1914, xlix, 85. 

El Paso, Texas; Vail, Eng. Min. J., 1914, xevni, 465. 
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is costly and unhealthy. The trend at present is from intermittent iip-draft 
to continuous down-draft apparatus. 

Three types of sintering machines have been constructed by the Bwight- 
Lloyd Sintering Co. of New York: the drum, the straight-line, and the hori- 
zontal-table machine. All embody the same three functions: a layer of well- 
mixed and moistened charge is spread mechanically to the thickness of 2.5 
to 5, usually 4 in., on a traveling grate; the charge-stream hrst passes under an 
igniter to be kindled at the surface, and then over a stationary suction-box which 
by suction causes the roasting started at the surface to progress downward and 
be finished when the charge reaches the further end of the suction-box; the 
sinter formed is discharged automatically in sizes suitable for the blast furnace 
into a receiver. 

The drum-machine^ and the horizon tal-table machine- have been super- 
seded by the straight-line machine discussed in detail in §98. 

Interesting developments of the table machine are those of Weeks" and of 
von Schippenbach.^ The latter, which is 14 ft. 6 in. in diameter, withdraws 
the roaster gas in such a manner that rich gas, with 4-5 per cent, volume SO2 
suited for the manufacture of H2SO4, is continuously separated from poor 
gas with 0.2 per cent, volume SO2, which goes to waste, .\t Cerro de Pasco, 
Peru, Dwight-Lloyd^ have used a shallow tray with down-draft which worked 
intermittently. Other forms of down-draft apparatus are those of Plock,® 
Greenawalt^ and Meyer.® Laboratory apparatus for down-draft experiments 
have been described by Hahn® and Pulsifer.^® The application of down-draft 
to the sintering of oxide iron ore mixed with coal is discussed by Gaylev"^ 
and Klugh.12 

98. Dwight-Lloyd Straight-line Machine.— This machine is shown m Figs. 
152 and 153. It consists of a frame of structural steel supporting a feed-hopper, 
an igniting furnace., a suction- or wind-box, and a pair of endless-track circuits 
to accommodate a train of small truck-like elements called pallets which, m com- 

1 Dwight, Min. Ind., 1907, xvi, 380; Eng. Mm. J ., 190S, lxxxv , 649. 

Hofman, Tr. A. I. M. E., 1910, xli , 756. 

2 Hofman, loc. cit. 

3 U. S. Patent No. 916903, March 30, 1909; Eng. Min. J ., Lxxxvn, 1140. 

4Kroupa, Oesterr. Zi. Berg. Hiittenw., 1912, lx, 513, 539- 

Guillet, Rev. MU., 1911, vin, 599- 

Hofman, Min. Ind., ipiijXX, 480. 

Correspondent, Zt. angew. Chem., 1913, xxvi, 599; Nln. J., 1913, cn, 90°- 

Editor, Eng. Min. J., 1913, xcv, 1061. 

6 Min. Sc. Press, 1909, xcvm, 19S- 

6U. S. Patent No, 1089 153» March 3, 19x4- ^ ^ 

7U. s'. Patents No. 1088818, March 3, 1914, and No. 109S035, March 26, 1914. 

Austin, Min. Sc. Press, 1911, cii, 177- ■ r a 

8 U. S. Patent No. 1166142, Dec. 28, 191S; Fng. Min. J., X9x6, ci, 520. 


9 Eng. Min. J., 19x1, xci, 1208. 

10 Op. cit., 1913, XCVT, 308. 

11 Tr 4 T M E iQix. XLii, 180; Iron Age, 1912, Lxxxix, 73. 

.. Tr. 1 : /. M. t: irrl: 36; 739; *9x3, X.V. 330; Trac X 9 X 5 . x-vn, 83s: 


Iron Age, 1916, xcvi, 1000. 
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bination, form practically an endless conveyor, with the continuity broken 
at one place in the circuit. Each pallet is provided with four wheels which 
engage with the tracks or guides at all parts of the circuit, except where the 
pallet is passing over the suction-box, and then the pallet slides on its planed 
bottom over the planed top of the suction-box, thus making an air-tight 
joint. 1 A pair of cast-steel sprocket-wheels, turning inside of the concentric 
gtade-rails, lifts the train of pallets from the lower to the upper track by 
engaging their teeth with the roller-wheels, and launches each pallet in a' 
horizontal path under the feed-hopper and igniting furnace, and over the 
suction-box. In a train of pallets in action, all the joints are kept closed and 
air-tight by the pallets being pushed from behind. At the beginning and end 
of the track formed by the planed top of the suction-box, there is a planed 
dead-plate over which the pallets must glide; which serves to prevent any 



leakage of air. After a pallet passes over the suction-box and terminal dead- 
plate, its wheels engage the ends of the circular discharge-guides. These are 
adjusted with the view of raising the pallet about 0.5 in. vertically and thus 
automatically prying up the cake of sinter and freeing it from the grate-slots. 
A “breaking-roller” prevents the prying action from extending too far back, and 
tends to form a line of fracture. This roller, however, is not essential in all 
cases. On reaching the curves of the guides, the pallets , one by one, drop into the 
guides, each strikes the pallet which has preceded it and, at the same time, 
discharges its load of sinter, and shakes free the slots of the grates. The force 
of the blow can be regulated by the gap left in the train of pallets at this point. 
The weight of the train keeps the pallets fed down to the lower teeth of the 
sprocket-wheels . 

1 Improvement by Laws, U. S. Patent No. 1097592, May 19, 1914. 
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The complete cycle of operations is as follows: A pallet, being pushed on- 
ward tangentially from the top of the sprocket-wheels, passes under the feed- 
hopper, where it takes its load in the form of a continuous even layer of 
charge, say 4 in. thick, passes next under the igniter fa furnace in Fig. 152), 
where the top surface is kindled, and at the same time comes within the in- 
fluence of the downw'ard-moving current of air, induced by the suction-draft; 
this carries the sintering action progressively dowmward until it reaches t^e 
grates. The roast-sintering action is complete, the cake is discharged by the 
pallet dropping into the discharge-guides, and the pallet crowds its way back 
to the sprocket-wheels, is slowly raised to the upper tracks, and begins a new 
cycle. 

The machines used formerly were smaller than those in operation at present; 
thus the first machine erected at Salida, Colo., in November, 190S, was 13 by 
150 in. The standard machine found in all plants at present is 42 by 264 in.; 
it weighs, including grate-bars, 58,000 lb., has two suction- or wind-boxes ,**4 2 in. 
wide and ii ft. long, each with a suction-pipe, 20 in. in diameter, ending in a suc- 
tion main 24 in. in diameter, connected with a double-inlet suction fan. The 
machine including feed-hopper is 40 ft. long, and the tops of the pallets are 21 ft. 
above the floor. The weight of a pallet including grate is 800 lb. The power 
required to drive the machine is from 2 to 3 h.p.; that for operating a machine 
with all accessories except the fan is from 10 to 15 h.p.; the fan proper consumes 
from 40 to 50 h.p. according to local conditions. The total power consumption 
per machine is therefore from 50 to 65 h.p. Machines are spaced at i8-ft. 
centers. A machine with accessories costs $6000, shipping and erecting in an 
existing building costs about $6000, a building containing automatic feeders, 
etc., cost about $8000. 

The mixing and feeding of the ore-charge is seen to be accomplished, Fig. 
156, by delivering the components into a receiving hopper pro\’ided with a gate 
to regulate the discharge, and with an endless belt (automatic feeder) delivering 
into a horizontal mixer where the ingredients are mixed, and^the water, sprayed 
from a stand-pipe, is incorporated. The mixer discharges through a chute into 
the feed-hopper of the sintering machine. 

The mixer, while very effective, consumes considerable power, and the blades 
of the revolving shaft wear out quickly. Both disadvantages have been over- 
come by the plate-feeder shown in Fig. 157. The ore arrives partly mixed on 
the belt and is discharged by Robins tripper, h, into receiving hopper, d, 'where it 
receives the necessary amount of water through spray-pipe, e. Beneath hopper, 
d, rotates circular feed-table, /, provided 'with stationary pivoted rabbles (not 
shown, similar to those of the Brunton or Godfrey furnace. Figs. 131-132 and 
133— 137) for mixing the ore and mo'ving it from center to periphery, and a 
pivoted scraper (not shown) to discharge the mixed and moistened ore into 
feed-hopper, g, whence it drops on to inclined plate, h, and forms ore-bed, % on 
pallets, j, traveling in the direction of the arrow. Hand-chain, k, serves to 
change the direction of the pivoted rabbles and to adjust the feeding- In form- 
ing ore-bed, the coarser particles roll do'wn the inclined surface on to the 
13 
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pallets and form a porous bed, which is essential for good work. As the pallets 
travel under the igniter, the finer particles at the top^of the triangular ore-heap 
are pushed back over the coarser by the vertical sideVf the feed-hopper. This 




terminates 4 in, above the pallets and thus furnishes the desired uniform layer 
of ore, which in the standard machine is 42 in. wide and 4 in. thick. 

Before this manner of distributing ore-mixture on the grate was devised 
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machines frequently had two feed-hoppers, one back of the other, the hopper 
farther away from the suction-box receiving coarse ore-mixture or crushed 
limestone, the other fine material. The two hoppers are still in place with older 
machines, but only one is at present in operation. 

When the sinter-cake has passed the suction-box and a piece is broken off to 
be discharged, the break is often rather jagged. In order to obtain a straight- 
line break, a so-called ‘‘Marker” has been introduced at one plant between the 
feed and igniter which makes at the end of a pallet an indentation on the ore-sur- 
face and causes the break to form along a straight line. This simple and effect- 
ive device is shown in Figs. 158 and 159. Horizontal shaft, a, revolving in boxes, 
h, attached to 8-in. I-beams, carries two rollers, c, driven by traveling pallets; 
rollers, c, are joined by flexible iron bar, e, 1.5 by 1.25 in., which makes a cut 
into the ore-bed with every revolution of the shaft. 



Figs, 15S and 159. — Marker for Dwight-Lloyd sintering machine. 

The ore-charge was originally, and in some instances still is, ignited from a 
small suspended coal-burning furnace built of tiles. Figs. 1 5 2 and 153. The grate 
has the same width as the pallet; it is about 15 in. wide, and burns about 1,000 
lb. coal in 24 hr. The flame, after passing over the firebridge, is deflected 
downward upon the ore by a brick curtain which can be raised and lowered, 
and is then drawn upward by the natural draft of a small stack. 

Gasoline and similar light hydrocarbons have been used to kindle the sur- 
face of the ore, but have been abandoned on account of the high prices. They 
have been replaced by residuum oil of about 26° Be. At present most machines 
use an oil-burner ; of the many suggested, the J. F. Austin burner or igniter^ 
is found almost everywhere. It is shown in Figs. 160-163. Figs. 160 
and 1 61, A represents a steel frame of the Dwight-Lloyd jnachine, B the feed- 
hopper, C the pallet, D the sprocket wheel, F the ore-chkrge, G tlje igniter, and i? 
the suction-box. Igniter G : consists of an arched refractory firing chamber sus- 
pended by adjustable rods in front of feed-hopper, B. The chainber, open along 
the larger part of the bottom, is formed of two kinds of archdd brick enclosed 
by an iron casing; the side-bricks. Fig, 163, have no bottom,' but the two end- 

1 U. S. Patent No. 1 179390, April 18, 1916; Mm. Fng. Worlds X916, Xiv, 136. 






bricks, Fig. 162, have bottoms and openings through which pass the oil- a 7. n 
air-pipes, / and J. The oil flame enters the combustion chamber and fills it 
with flame. As the chamber extends on either side beyond the pallets the 
whole surface of the charge is uniformly heated as it passes beneath the chamber 
The downdraft of suction-box, H, draws downward the flame and hot gases' 
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Figs. i66 to 168.— Stewart grate for Dwight-Lloyd machine. 

xnacILy Dwdght-Lloyd 

in Figs. 164 and i6< whirh longitudinal section 

pressure ^ given as teSt ^0: 

reaches 20-21; lb and thf ^ ^ plants the oil-pressure 

'Th 11 J t'- ^ air-pressure as much as 40 lb. per so in 
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has straight slots. Malleable iron stands shock better than an ordinary casting 
and straight slots are more easily freed from adhering clinker than the diagonal. 
Usually one man is required to remove adhering clinker with a chisel-pointed 
bar about 4 ft. long; in some instances a hammer-drill is used to do the work 
more quickly. The same man closes up, e.g., with a piece of paper, any slight 
breaks in a grate until this is w^'orn out sufl&ciently to w^arrant replacing. Me- 
chanical cleaners^ have been tried, but have not been satisfactory, as the strik- 
ing disks do not alway fit the slots and hit the ribs. The Stewart grate in opera- 
tion at Trail, B. C., shown in Figs. 166-168, obviates the necessiU'- of punching. 
The grate, 42 by 23 in., consists of fixed end- and center-grates, A and C, fastened 
to the pallets, and swinging grates, B, pivoted in the ends of the pallets. Thus, 
when a pallet passes over the discharge-end of the machine, the swinging 
pallets, B, are slightly tilted and break any clinker w’hich maybe present. Clink- 
ers, however, do not form ahvaj's, as with suitable ores and other favorable 
conditions, sintering machines are in operation which dispense entirely with 
cleaning of grates. 

The suction-box in the original small-size machine w^as 30 by 102 in. at the 
top, giving an effective grate area of 31.25 sq. ft., w’hich is the true hearth 
area of the machine. The present standard machine, 42 by 264 in., has two 
suction-boxes, 48 by 132 in., representing a grate area of 38.5 sq. ft. In 
most modern machines the suction-boxes are providedwith a screw-conveyor 
along the bottom which, set going at intervals, removes the collected dust into 
a vertical discharge-pipe with twn gates, one near the top the other near the 
bottom. By this arrangement the dust can be removed without temporary 
loss of suction. 

The sinter-cake containing a small percentage of fines used to be and still is 
discharged’in most cases, Figs. 152 and 153, through a chute into a railroad car. 
With a high speed of pallets there is produced a larger amount of fines than when 
the pallets travel slowly- At Tooele, Utah, W. Wraith dumps the cakes over an 
inclined grizzly with 3 ^^-in. slots, separates the high-S fines from the low-S 
cakes, and returns the former to the ore-charge. By this addition of half- 
treated ore, he loosens up the charge and diminishes the formation of clinker 
to such a degree that cleaning of grates has become the exception. His 
example is being followed by other plants. 

In dumping a product containing many fines there is formed much dust. 
In order to collect this dust, the receiver for the fines is covered with a hood 
which ends in a rectangular inverted trough covering a large part of the roast- 
ing bed; it extends, e.g., to 6 ft. from the burner. The dowmdraft on the bed 
sucks the dust downward upon and into the roasting charge w^here it is more or 
less agglomerated. The hood at the same time conserves heat and reduces the 
temperature of the floor of the building. 

The leading facts regarding the operation of the Dwight-Lloyd straight-line 
sintering machine are given in Table 47. 

^ Editor, Eng. Min. 1913, xcvi, 989. 

Newhouse, Tr. A. I. M. 1914, xux, 527. 



Tablb 47.— Standard Dwioht-Lloyd Straight-linb Sintbring. Machine. 43X264 in. 
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The speed of travel of the pallets which ranged from 7 to 10 in. and reached 
perhaps 15 in. per min., has been advanced to as much as 30 in. with a corre- 
sponding increase in tonnage from 50 to 200 tons and over. This has been 
accompanied by a rise in the S-content of the sinter which, however, did not 
correspond, as might be expected, to the quantity of ore treated. At the Tooele 
plant^ the speed of travel of pallets was 13 in. per min., and the daily product 
70-95 tons; a slight advance in speed gave an inferior product with high S- 
content; an increase to 26 and 30 in. more than doubled the product which 
had a good structure and a low S-content. From this it appears that in in- 
creasing the speed of travel one reaches a halting-point; but that as soon as one 
gets well beyond it, new conditions arise which permit a quicker travel. 
An explanation may be found in the fact that the charges being fed quickly 
do not pack, pass quickly under the igniter and do not matte, and can stand 
more water than with a slow travel; the greater the permissible water, the more 
porous the charge, and the more quick the roast. During 5 months the 
average analysis of the ore mixture was Pb 13.51, Cu 0.694, SiOa 22.46, 
Fe-Mn 25.50, S 11.27, CaO 3.99, Zn 4.93 per cent., Ag 10.169 0.0472 oz. 

per ton; that of the product: Pb 14.56, Cu 0.92, SiO^ 23.92, Fe-Mn 28.63, 
S 2.78, CaO 4.28, Zn 5. 85 per cent., Ag 11.23 0-052 oz. per ton. Ascreen 

analysis of the ore treated in 4 weeks gives the data shown in Table 48. 


T.A.BLE 48. — Screen An.alysis of Ore Mixture, Tooele, Utah 
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The amount of grizzly fines varied from 15 to 20 per cent. A screen and a 
chemical analysis are given in Table 49, The screenings are seen to assay 
5~6 per cent. S, whereas the caked product contains 2-3 per cent. S. Returning 
the grizzly screenings to the ore-charge makes the latter porous and facilitates 
the roast. There is thus obtained with a large tonnage for ore, a double 
■treatment of the high-S product. 

^ Private communication by W. Wraith, February, 1916, and private notes, July, 
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Table 49. — Screen and Chemical Analyses or Grizzly Fines, Tooele, Utah 


Size, inch 

Per cent. 

S 

Pb 

Zn 


100. 

6.3 

12.4 

8-5 


9.1 

6.7 

II. 0 

9.0 

+ ^6 

9.9 

4.9 

10 . 1 

8.0 

+K 

14.4 

4-2 

9.8 

7.2 


66.6 

6.4 

13.8 

8.6 


The average loss in Pb with high-speed travel of pallets is from 1-5 to 2 
per cent. A few data covering losses are given in Table 50. 


Table 50. — Loss or Metal in High-speed Dwight-Lloyd Machine (Tooele) 


Tonnage 

Loss, per cent. 

Pb 

Cu 

Ag 

Au 

147 

0.19 

0 

0 

0.913 

0.137 

115 

0.66 

0.85 

0.273 

0.173 

no 

1.30 

0.17 

0.663 

0.409 

127 

1.20 

0.79 

0.303 

0.950 

124 

0 . 72 

0.94-h 

0.950 

1 .387 + 

116 

4.68 


4-380 







+ denotes an apparent gain. 


The vacuum in the suction-box, which is governed largely by the 
density of the charge, shows a range of from 5 to 10 oz. 

Ignition fuel has been taken up on page 196, The amount of oil required 
per ton of charge ranges usually from 2.5 to 3.0 gal. 

The charge is made up of raw and pre-roasted sulphides, matte, silicious 
ores, and sometimes limestone. The use of pre-roasted pyrite concentrate 
as iron flux often shows a tendency to hinder the agglomeration of particles. 
An addition of matte usually corrects this e\ih The size of charge components 
shows a range from 3 ^-in. to 200-mesh. It is essential that the ingredients 
of a charge be well mixed and uniformly moistened. The S-content varies 
between ii and 14 per cent. The amount of Pb covers a large range extending 
from 15 to 47, and even 50 per cent. The percentage of SiOa is 10 to 25, that of 
F eO is about i . 5 X SiOa ; CaO is usually lower than FeO. 

In making up a charge, the size of particles deserves about as much con- 
sideration as the chemical composition, as it is of vital importance that the 
charge be porous. The quantity of water added varies with the calorific 
power of the charge and the percentage of fines; the usual range is from 5 
to 10 per cent.; the finer the charge-components the greater has to be the 
water-content. The depth of charge is uniformly 4 in. With the von Schlip- 
penbach table-machine (§97) the depth is 10 in., for the purpose of obtaining 
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a gas riclier in SO2 than is feasible viith a 4-in. bed; but the greater the depth, 
the higher the S-content and the density of the sinter. 

Feeding of charge has been discussed on page 193. 

The loss in weight varies greatly with the charge as does the amount of non- 
sintered fine material. The analyses in Table 49 show that the sinter retains 
from 3 to 4 per cent. S, and this is mainly sulphide-S. The amount of unsintered 
fine material, given in Table 49, is large, 10 to 15 per cent.; this is due in part 
to the fact that flotation concentrates form a considerable part of the charge. 
With table concentrates the fines do not exceed 5 per cent, unless the speed of 
the pallets is high. The amount of flue-dust formed is small, i per cent, and 
under. If pyrite forms a large part of the charge, the molecule of S which 
passes off at a low temperature is found in the dust in the form of flower of 
sulphur. Such a mixture is likely to be self-igniting,^ cause an explosion, and 
damage the bag house. Accidents of this character are avoided by subject- 
ing pyrite to a rough roast before it is added to the charge, or, if this is not 
feasible, by keeping pyrometers in the flues, and allowing the gases to pass 
into the open, should the temperature rise above the normal of 150 to 200® C. 

The volume of gas escaping from the furnace is about 10,000 cu. ft, per 
min. ; it contains from i to 3 per cent. vol. SO 2 , and only traces of SO 3 . 

In blast roasting at Cerro de Pasco, Peru, 14,000 ft. above the level of the 
sea, Lloyd^ found that the igniting flame had to be hotter, that the charge 
could stand a higher S-content than usual, and that the speed of roasting 
was slightly less than at lower elevations; he also noticed that flower of sulphur 
which collected in the fan did not ignite of its own accord. 

99. General Arrangement of Dwight-Lloyd Plant. — The general arrange- 
ment has taken a standard form of which diagrammatic sketches are given in 
Figs. 154-156.^ The ores to be blast roasted arrive on a belt-conveyor at the 
top floor of the building containing the mixing bins and are discharged by means 
of a tripper into cylindrical hopper-bottom bins. The content of each of these 
bins is discharged in the desired amount by its traveling belt through a regulating 
gate on to a main belt-conveyor w’hich delivers on to an inclined belt con- 
veyor raising the unmixed charge to the feed-hopper at the top of the 
roaster building. This holds the charge, now mixed somewhat, but not 
sufficiently to furnish a uniform product. This uniformity is obtained in 
the mixer. 

At Tooele, 20 cylindrical ore-bins with gates and Challenge feeders deliver 
the contents on to the traveling belt. 

The roast-sintering plant of the Bunker Hill Smeltery, Kellogg, Idaho, 
is shown in Figs. 169-171.^ It contains one Wedge multiple-hearth furnace, 

1 Editor, Met. Chem. Eng., 19x3? xi, 426. 

Anderson, Tr. A. I. M. JS., 1914, xxix, 577. 

2 Min. Sc. Press, 1913, cvi, 908. 

« Drawings of plant of Ohio and Colorado Smelting & Refining Co., Salida, Colo., have 
been published in Met. Chem. Eng., 1912, x, 87. 

Dwight, Eng. Min. J-, 1916, cn, 674. 
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2x ft. 6 in. in diameter and 22 ft. in. Mgh, and four standard Dwight- 
Lloyd machines treating each about 200 tons in 24 hr. Details of the Wedge 
furnace have been given in connection with Figs. 139 and 140; those of the 
Dwight-Lloyd machine have just been taken up. The general arrangement of 



plant is given with much detail in the drawings and needs no further comment 
in view of what has already been said. 

100. Double Treatment. By this term are understood, the 'operations of 
rough-roasting a large amount of ore in a Dwight-Dloyd machine, and finishing 
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the rough-roasted material either in a Huntington-Heberlein pot or in a second 
Dwight-Lloyd machine in order to obtain a porous sintered product low in 

5- content. - 

A combination of D.-L. and 
H. & H. treatment has been 
worked out satisfactorily^ in two 
plants.^ The D.-L. mixture con- 
tains, e.g., Si02 9, Fe(Mn )0 i6, 

Ca(Mg )0 8.5, S 10--11.5, Zn 

6- 5“7-57 Pb 28-32 per cent., Cu 
trace. The pallets are moved at 
the high speed of 37-48 in. per 
min., so that about 250 tons 
charge are put through in 24 hr. ; 
the S-content of the charge, 
which may go as high as 15 per 
cent., is reduced to 6-7 per cent. 

The product is broken in a 
Williams hinged-hammer crusher 
to pass a ^^-in. screen, then 
mixed with 10-12 per cent, lime- 
stone crushed to the same size, 
and blown in an H. & H. pot. 

A charge of 12 tons mixture 
furnishes in 5-6 hr. 9-9.5 tons 
sintered product with 1.5-2. 5 per 
cent. S, of which 40 per cent, is 
sulphate-S. The pot is given first 
a 2 -in. grate -dressing of silicious 
ore, then a i-in. layer of glowdng 
coal from a Godfrey furnace, 
and finally its full charge to be 
blown at a pressure of 12-14 oz. 

The advantages of the double 
treatment are that the double 
roast furnishes more ZnO than 
does a normal single roast, that 
the matte-fall is greatly reduced 
and with it the danger of zinc- 
mush, and that the direct output 
of lead is largely increased. 

These advantages more than 
balance the cost of the additional operation. 



1 Riddell, Tr. A I. M. E., 1914, xux, 531. 
® Hofman, private notes, July, 1916. 
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In tlie combination of two D.-L. machines the mode of operating is similar 
to the double treatment just described. It was started by H. L. Hyde in 
Australia about 1911. The original charge, crushed to M-in. size, containing, 
e.g., Si02 8-10, FeO 28-30, CaO 4-5, S 12-13 P^r cent., is run on the machine 
with pallets traveling at a speed of 30 in. per min. The rough-roasted partly 
caked material retains 7-8 per cent. S, is crushed in a Jeffrey swing-hammer 
machine to pass a %-in. screen, and is retreated without the addition of lime- 
stone, the pallets traveling at a rate of 22 in. per min. The finished product, 
which is imperfectly sintered but practically free from fines, retains about 
2 per cent. S. 

The practice inaugurated by Wraith at Tooele (page 201) of having a 
quick travel of pallets, and of separating high-S fines from low-S sinter by 
means of a grizzly, is actually a double treatment, except that only high-S 
fines, which form 15-20 per cent, of the original charge, go to be treated again. 
The advantage of this method of working is evident, especially with ores that 
contain little blende. 

1 01. Comparison of Huntington-Heberlein and Dwight-Lloyd Processes. — 
The general comparison of intermittent up-draft and continuous down-draft 
blast roasting, given in §97, is here supplemented by the work of Norton’- 
at Murray, Utah, and of RiddelP at East Helena, Mont. The former, on the 
whole, favors the H. & H., the latter the D.-L. process. A summary of the 
conclusions arrived at by the two superintendents of these prominent plants is 
given in Table 51. 


Table 51. — Comparison oe Huntington-Heberlein and DwiOht-Lloyd Processes 


Item 

Advantage in favor of 

At Murray 

At East Helena 

I. Cost of installation 

D.-L. 

D.-L. 

2. Cost of roasting 

H. & H. 

Even 

3. Adaptability to charge 

D.-L. 

D.-L. 

4. Metal loss 

Even 

Even 

5. Physical condition of product 

H. & H. 

D.-L. 


The table shows agreement as regards items i, 3, and 4. The disputed 
headings 2 and 5 find, in a general way, their explanation in the fact that 
wherever a new installation is made, the D.-L. is preferred to the H. & H., 
and that the slightly greater cost of the H. & H. in a large plant is not of 
sufificient importance to explain the preference shown to the D.-L. 

In comparing the behavior of the H. & H. and the D.-L. products in the 
blast-furnace, Norton® found that in smelting 8,000 tons charge with 950 tons 
or 1 1.5 per cent, coke, he obtained with the H. & H. material slags assaying 
0.81 per cent. Pb, while with D.-J.. material they assayed 1.03 per cent. He 

^ Tr. A . I. M . jE., 1914, XLix, 485. 

2 Op. cit., 495. 

* Op. cit., 490. 
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argues therefrom that the reduction Txith the product from the H. & H. is 
better than with that from the D.-L.; or that with the latter you require more 
coke to obtain the same result as \sdth the former. 

Dwight^ points out that in other plants less coke was required wuth the 
D.-L. than with the H. & H. product, and gives as reason for this that in the 
former iron is present to a large extent as FeO, while with the H. & H. the com- 
pound Fe203 is more prevalent. He gives in Table 52 the smelting power 
of a blast-furnace, 48 by 162 in. at tuyeres ( = 54 sq. ft.) wdth charge-materials 
that have been subjected to different kinds of preliminary treatment. 

T-A3LE 52. — Smelting Power or Blast-furnace, 42X162 In. =54 Sq. Ft., with 
Materials Roasted and Blast Roasted 


Ore 


Tons 


In 24 hr. 


Per sq. ft. hearth area 
in 24 hr. 


Roasted in Bruckner cylinder iSo 3 . 7 

Blast roasted in H. & H. pot 200 3 . 7 

Screened, and coarse blast roasted in H. & H. 227 4.2 

pot. 

Screened, and coarse blast roasted in D.-L. 2S5 5.3 

naachine. 


The data bring out the increased tonnage with blast roasted product over 
ore which has been only roasted; they show that the porous sinter of the D.-L. 
product is more readity smelted than the denser product of the H. & H. process. 
It is generally acknowledged that the D.-L. machine furnishes a more porous 
product than does the H. & H. pot. This is especially the case with charges 
rich in Pb as at East Helena, Mont., where according to Newhouse- 60 per cent, 
of the H. & H. cake is slagged. A porous material absorbs heat more readily 
than one that is dense, a sintered product is more readily reduced than ore that 
is slagged; both considerations point to a smaller coke consumption and a 
greater tonnage with sintered than with slagged material on the charge. 

102. Blast Furnaces, Handling of Raw Materials and Products, General. — 
The blast furnaces in operation at modern plants resemble one another; in fact 
they have assumed standard shapes. In the handhng of materials and products 
there is less uniformity, as hand labor is being gradually replaced by machinery. 
Improvements in both cases are the result of the competition of centrally 
located silver-lead smelteries of the United States to meet existing requirements. 

The first furnaces were small brick structures, 20 by 30 in. at tuyeres; 
they had only short campaigns. In 1871^ the Piltz polygonal and the Rasch- 

^ Op. cit.f 492. 

^ Tr. A. I. M. E., 1914, XLix, 528. 

3 Hahn-Eilers-Raymond, Tr, A. /. M. E., 187X-73, 1, 91. 

Ingalls, Eng. Min. J., 1907, lxxxiv, 1057. 

Ingalls, W. R., ‘‘Lead and Zinc in the United States,*’ McGraw-Hill Book Co., New 
York, 1908, 48. 
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ette oblong brick furnaces, common in European plants, were introduced at 
Eureka, Nev.; ten years later the oblong furnace had superseded the polygonal 
and circular forms. Cast-iron water-jackets began to replace in 1872 the brick- 
work of the smelting zone.^ In 1871 Arents^ had invented his siphon tap (§110). 
In vertical section the furnaces at first were prismatic, later the sides were made 
to taper toward the bottom, and lastly the tapering sides received boshes. The 
crucible originally partly internal and partly external, was replaced by the 
internal form with the adoption of the Liirman tapping- jacket. External 
crucibles have been patented,^ but are not in use, as far as the writer is 
aware. Thus about 1880 the leading features, common to all ore-furnaces, 
were established. The furnaces are oblong in horizontal section, have tapering 
sides with boshes, straight ends, a water-jacketed smelting-zone, an internal 
crucible, and an Arents siphon tap. The circular water-jacketed furnace is 
used only to smelt at intervals small quantities of intermediary products of a 
refinery. The brick shaft common with most ore furnaces is now giving way 
to steel water-jackets. 

With the increase of size of furnaces and of smelting plants the moving of 
ore, flux, and fuel by teams and wheelbarrows became impossible and had to be 
replaced by mechanical traction and manipulation. 

The accessory apparatus to remove the slag from the first small-size furnaces 
treating mainly oxide ore consisted of simple forms of slag-pots. With the 
advent of sulphide ore provision had to be made to collect matte. Matte- 
settling pots used at first have given way to oblong fore-hearths. Finally, 
the disposal of the increasing amounts of intermediary and final ■ products 
necessitated the introduction of steam, compressed-air, and electric power, so 
that at present mechanical traction and manipulation has become typical. 

Formerly, no provision was made to save the values contained in the 
waste gases; later, dust chambers were provided, and these have been supple- 
mented by filter-bag houses and electric precipitating apparatus. 

The primitive blowing machines used at first have been scrapped; rotary 
pressure blowers of the Roots t3q>e have been installed, and their supremacy 
is now being challenged by turbo blowers. 

Blast-furnace, General.^ — Five blast-furnaces in operation at some of the 
leading smelteries are represented in Figs. 172-185. Figs. 172 and 173 show 
the standard furnace built by the Colorado Iron Works, Denver, Colo., about 
1890; Figs. 174 and 175 represent the standard furnace of the International 

^ Baggett-Hofman, Min. Ind., 1905, xiv, 409. 

2 Hahn-Eilers-Raymond, Tr, A. 1 . M. F., 1871-73, i, 108. 

Arents, Rng. Min. 1885, xn, 287. 

®I)evereux, 18S7, Becember 6, No. 374239; 1888, April 17, Nos. 381118 and 381119; 
June 12, No. 384349; 1889, July 23, Nos. 407335 j 407336, and 407337; December 17, Nos. 
417314 and 417375; 1890, May 6, No. 427058. 

Ronemann, 1888, October 9, No. 390785. 

Wilson, 1889, May 21, No. 403815, and others. 

* Palmer, Tr. A. I. M. E., 1914, xux, 507. 

Dwight, Eng. Min. 1916, cn, 671, 
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Smelting Co., Tooele, Utah, designed by W. Wraith; Figs. 176-179, one of the 
furnaces of the Consolidated Mining and Smelting Co. of Canada, Trail, B. C., 
designed by R. H. Stewart; Figs. 180 and 181 give the details and Figs. 182 and 
183 two elevations of the furnace designed by S. James and installed by the 
Traylor Engineering Co., Allentown, Pa., at the works of the Northport 
Smelting and Refining Co., Northport, Wash.; Figs. 184 and 185 is the furnace 
of the Bunker Hill and Sullivan Mining and Concentrating Co. at Kellogg, 
Idaho, built by the same firm according to the plans of Bradley, Brufi, and 
Laharthe, San Francisco. These drawings are sufl&cient to serve as a basis 
for the discussion of the principal features of modern blast-furnaces. Other 
illustrations will be given to bring out details not shown with sufficient 
clearness in Figs. 172-185. 



Figs. 174 and 175. — Blast furnace, International Smelting Co., Tooele, Utah. 


In Table 53 are assembled the principal facts of some of the leading 
blast furnaces in operation at present. Other tables, representing the earlier 
practice, have been published by CroU,^ Kochinke,^ lies, M. W.,® Borchers,^ 
Ralli,^ and Collins, H. F.^ 

103. Foundation. — The weight of a lead blast furnace with brick shaft is 
about 100 tons. The shaft, the heaviest part, is carried by four cast-iron or 
steel columns. Though the structure as a whole is not very heavy, considerable 
attention has to be given to the foundation. Its depth will depend upon the 
character of the subjacent ground. If bed-rock is exposed, this will furnish 
as good a foundation as can be wished. Next in order comes hard pan, a mix- 

1 Eng. Min. J., 1898, ijcv, 639. 

"^Freiberg. Jahrb., igoi, 216; Min. Ind., xgoi, x, 430; correction by Cap., Oest. Zt. Berg. 
Suttenw., igo2, L, 147; Min. Ind., 1902, xc, 442. 

3 ‘'Lead Smelting,” Wiley, New York, 1902, 48, 49. 

* Metallurgie, 1907, rv, 100. 

■ « xxxrv, 216. 

8 “Lead,” Lippiucott, PMladelphia, 1910, 312. 
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ture of gravel, clay, and sand, which has a bearing power of 4 tons per sq. ft. If 
there is loose soil or gravel covering bed-rock or hard pan not over 10 ft. deep, 
it is best to excavate until this is reached; otherwise a depth of 5 ft. will usually 
be sufficient to start the masonry below frost-line, and to give the foundation 
the requisite strength. With very loose soil, which has a bearing power of 2 
tons per sq. ft., it used to be customary to place on the bottom of the pit two lay- 
ers of 3- or 4-in. planks spiked crosswise together, and upon that to build the 
foundation. At present the start is made with a 12 -in. layer of cement con- 



Fig. 179. — Blast furnace, Consolidated Mining and Smelting Co. of Canada, Trail, B. C. 

Crete which has a bearing power of 4 tons per sq. ft. Whatever method is used, 
it is essential that the foundation extend from 2 to 3 ft. beyond the bed-plate and 
the four supporting columns. 

The foundation used to be built of undressed rock well rammed into place, the 
largest pieces being used for comers, and care being taken to fill up the crev- 
ices and joints with as many spalls as possible; the whole was well grouted with a 
mixture of four parts of lime mortar and one part of cement. The top must of 
course be smooth and horizontal, and was usually made of brick. This method 
has been replaced in large part by cement concrete, which is preferable and 
usuaEy cheaper. Ji one furnace is in operation, and a second one is to be 
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erected, the excavated pit is filled with broken slag, and liquid slag is poured into 
close the cavities and to cement the lumps. The top is evened and leveled by 
making shallow rectangular areas surrounded by sand or pieces of structural 
iron, and filling them with liquid slag. Any ridges or other rough parts are re- 
moved by chipping. Filling the excavated space with liquid slag is a simple 
operation, but not quite as satisfactory as the one outlined, because slag when 
cooled quickly becomes glassy, is brittle, and cracks readily. 

On the foundation is spread a thin layer of clay-mortar upon which is placed 
the bed-plate (y', Figs. 173, 175, 180, 181), a steel plate about 34 in. thick, which 
prevents any lead which has traveled downward through the joints in the 
brickwork of the crucible, from penetrating into the foundation. Following 
the example of some copper-matting furnaces, a few” lead furnaces have been 
built with an air-space beneath a cast-iron bottom plate. As there is never an 
excess of heat in the crucible of a lead furnace, this construction, w'hich increases 
the loss of heat, has not found favor. 

104. Shaft. — ^The leading points to be considered are the height, the hori- 
zontal and vertical sections, the building material, and the disposition of the 
feeding and gas- withdrawing openings. 

105. Height. — This term is intended to designate the vertical distance of the 
shaft which is thermally and chemically active, i.e., the working height or smelt- 
ing column. It extends from the center of tuyeres to feed-floor, in fur- 
naces from which the gases are withdrawm at the top (Figs. 177, 180, 183) ; and to 
the lower edge of the down-take, if the gases are withdrawn beneath the feed. 
Sometimes there is a difference of loft. betwreen the tw”o, but usually it does not ex- 
ceed 5 ft. (Figs. 173-175). 

About 20 years ago the distance from tuyeres to feed-floor used to be from 
10 to 12 ft.; it was then increased to 14 and later to 16 ft., which is a common 
dimension now, although it reaches 20 and even 24 ft. (Sulphide Corporation, 
Table 51). The increase in height has been necessitated by the greater vol- 
ume and pressure of blast, required by the enlargement of the distance betw^een 
tuyeres to increase the capacity and the smelting powder of a furnace, and by the 
silicious and calcareous slags which have replaced those running low” in Si02 and 
high in FeO. Whereas the blast-pressure used to be from 8 to 10 oz. per sq. in., 
it ranges at present from 30 to 40 oz., and in the case of the Sulphide Corporation 
reaches 70 oz. (Table 51). 

106. Horizontal Section. — In §102 it was stated that with ore furnaces the 
oblong rectangular section had superseded the circular. The circular furnace 
gives excellent results as regards quality of work; there is an even distribution 
of blast and heat, and the loss of heat by radiation is the least possible, as the 
furnace offers the largest cross-sectional area for the smallest circumference. 
The drawback lies in the quantity of the work, which is limited, since the di- 
ameter at the tuyere-section ought not to exceed 60 in. With the charge made 
up largely of fine material, the usual distance was 42 in.; with blast roasted ore 
this dimension has been raised without trouble to 54 in. although 44 and 48 in. 
are the more common figures. 





■ Cruanea yuarti'^ j , 

jQ'Qi! lOO >1 

Fig. i8i.~-Blast furnace, Nortliport Smelting and Refining Co., Northport, Wash.; details. 






1 ‘IGS. 184 and i 8 s.— Blast furnace, Bunker Hill & Sullivan Smelting & Concentrating Co., Kellogg, Idaho. 
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Porehearth, capacity, cu. ft 40 99 99 42 232 126.4 

Waste slag-pots, No 20 4 6 10 12 7-8 

Waste slag-pots, capacity each, cu. ft 28 25 25 25-30 6s 27.8 

Charge (ore and flux), weight, lb 8,000 2,500 3.750 7,200 7,600 8,000 



Table 53 —Blast YimiACE— Continued 
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(i) Tuyere-ratio = sq. in. tuyere area: sq. ft. hearth area. (6) At Lead-well. (7)One lower -f-2 upper. (8) One at back, (q) Two forehearths changed 
rery 24 hr. 



Table 53 —Blast Ywinxce.— Concluded 
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Slagi ZinO per cent. . 
Slag, Pb per cent. . , . 
Slag, Ag 035 . per ton. 
Slag, specific gravity. 
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In the early eighties E. P. Mathewson placed water-cooled tuyere-nozzles. 
Figs. iS6 and 187, in the tuyere-openings of the water-jackets so as to project 6 
in. into the 60- by 120-in. furnaces of Pueblo, Colo., and thus reduced the dis- 
tance between tuyeres to 48 in. His smelting power with six 4-in. tuyeres on 
a side and a blast-pressure of 2 lb. per sq. in. was 200 tons of medium-open charge, 
containing Pb 10 and matte-fall 3.5 per cent., with 10 per cent, coke; the slags 
made being Si02 36, FeO 32—33, CaO 18 per cent.; and Si02 36, FeO 28-29 
CaO 20 per cent. 

The reason for limiting the distance between tuyeres is the great blast-pres- 
sure required to penetrate the charge, which would cause excessive volatiliza- 
tion of lead and reduction of Fe203. For large quantities of ore the oblong form 



Figs. 186 and .187. — Mathewson water-cooled tuyere-nozzle. 


is therefore the proper one, as the tuyere-section can be enlarged by making 
the furnace longer without increasing the distance between tuyeres. Thus the 
length of oblong furnaces was at first doubled from the old 60 to 120 in.; later it 
was further increased to 160 and 180 in. (see Table 51). It is an open question 
whether furnaces of such lengths are not too long. A normal crew can serve a 
furnace 152 in. long; if this dimension is increased, extra men are necessary, 
and the additional tonnage obtained is not equivalent to the increase in cost of 
labor. Many furnace-men hold that 152 in. is the greatest economic length of 
furnace with, a single slag-tap; others draw the line at 192 in. It is, of course, 
possible to follow the example set by copper-matting furnaces^ and have larger 
furnaces with a double: complenient of slag-taps and lead-wells, but the smelting 
of lead ores is a more delicate- matter than that of copper ores. In case of 
unsatisfactory work, it is usually cheaper to blow down a furnace and start 
fresh instead of attempting to nurse it back to normal work. With a copper 
furnace this is done more quickly than with a lead furnace, and involves less 
loss of metaL 

The larger and correspondingly higher furnaces have shown a greater smelt- 
ing power than was expected from the increased hearth area, and the increased 
tonnage has been accompanied by a lower fuel consumption. 

^ See Hofman, “Metallurgy of Copper,” McGraw-Hill Book Co., New York, 1918, 178. 
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107. Vertical Section.—Most oblong furnaces have boshes on the sides and 
with them a contracted tuyere-section. This last secures a more perfect and 
rapid combustion, and thereby a concentrated and intensified heat, which re- 
sults in a quicker fusion and a more complete decomposition of sulphide and 
arsenide of lead. If somewhat higher up the width of the furnace is suddenly 
enlarged by the boshes, the zone of fusion will be narrowed; further the gases 
generated at the tuyeres will be evenly diffused,’ thus checking the velocit}' of 
their upward travel; by giving up their heat they prepare the charge for the 
subsequent smelting and decrease the amount of flue-dust. 

The ends of a furnace are usually vertical although some furnaces have 
boshes at ends as well as at sides. The general experience has been that 
end-boshes favor the formation of accretions and thereby the hanging of the 
charge. 

The amount of bosh, or the flare of the jackets, that is, the number of hori- 
zontal inches per foot of height, is seen in Table 53 to range from 2 to 4. With 
charges consisting largely of fine materials an ample bosh was Justified, as it 
helped to support the charge and exposed it for a longer period of time to the 
heating and reducing effects of the ascending gases. Since the advent of blast 
roasted ore the flare has been greatly reduced. Thus Palmer^ states that in a 
furnace with an amount of bosh of 4.2 in. there w’as noticed, in blowing in, a hang- 
ing of the charge at the boshes causing irregularities in their descent, which dis- 
appeared after i or 2 weeks, whereupon work became normal. After blowing 
down, it was found that the furnace lines had been changed to form a gently flar- 
ing shaft with a flare of about i in. to the foot. The new' furnace of the Bunkei 
Hill and Sullivan smeltery, Figs. 184 and 1S5, embodies this idea. Anderson" 
states that of two furnaces at Midvale, Utah, 48 in. at tuyeres, running on the 
same coarse charge, the one with a bosh of 2.2 in. ran hotter, and gave a smaller 
amount of matte (owing to the expulsion of 50 per cent, of the S,) and a larger 
yield of lead bullion than the other, with a bosh of over 4.2 in., which oxidized 
about 33 per cent, of the S-content. He further calls attention to the accepted 
fact that furnaces with incrusted sides frequently do better work than when the 
sides are clean, and goes as far as to suggest that the sides be drawn m toward 
the throat in building a furnace as is the case with the iron blast furnace. 

108. Building Material.— Shafts used to be, and still are largely of brick- 
work; most new-built furnaces are water-jacketed from top of crucibles to a 
short distance beneath the feed-floor. _ _ -l • u i-/ 

The brick shaft is made of common brick, C, and lined with fire-brick, C , 
Fig. 173, up to the feed-floor; sometimes an expansion space is left open betw'een 
the two. At first it was erected on four supporting plates, t, which were fastened 
to the capitals of the hollow cast-iron piUars, u. Fig. 173, but the pillars were 
thrown out of plumb by the unequal expansion of brickwork and cast-iron 
plates, and thus the safety of the shaft endangered. Later a set of three 1 - 
beams on each side of the furnace formed the support of the cast-iron plates; 

1 Tr. A. J. M. E., 1914, XLDC, 509. 

2 Op. cit.f 523. 
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they were bolted together and screwed to the capitals of the pillars. The cast- 
iron plates were not fastened to the beams, but rested freely upon them. By 
this arrangement, supporting plates and shaft could expand independently 
of one another without endangering the stability of the shaft. The next im- 
provement was the introduction of brick arches which supported the walls of the 
shaft and threw the weight upon the pillars; the lateral thrust was taken up by 
cast-iron L-shaped plates firmly bolted together. This arrangement, common at 
present, is shown in Fig. i88. It gives the shaft-support of the furnace, 45 
by 100 in. at tuyeres and 84 by 144 in. at throat with a height of 20 ft. 
10 in., of the former Germania Lead Works of Salt Lake City, designed by 
H. V. Croll.^ Heavy brick arches carrying the shaft are sprung between 
suitable skew-backs attached to the columns and connected by 13^-2- and 2-in. 
tension rods. 

The walls of modern brick furnaces are made very thick at the bottom, 
32.5-39.0 in., in comparison with those of earlier date, 17 in., and decrease in 
thickness toward the feed-floor either uniformly or in steps. It is believed that 
this thickness of wall causes a considerable saving in fuel. 

The shaft. Fig, 173, is braced with tie-rods, d', secured in corner-irons, c'. 
In more recent furnaces the shaft is secured by horizontal I-beams which are 
backed by iron plates and tied by rods and turn-buckles. 

Brick shafts have the disadvantage that the brickwork is attacked by the 
components of the charge which usually adhere to it, form accretions troublesome 
to remove, and penetrate into it, and weaken it. Thus there are frequently 
found in the unaltered brickwork veinlets of galena;- the bricks are more or less 
corroded; again, they may have been completely changed by the charges.® It 
is true that a brick wall conserves heat better than a water-jacket. The amount 
of heat lost through jacketing the upper part of the furnace is large. Thus, 
Wm. Wraith^ found that with the blast furnaces at Tooele, Figs. 174 and 175, the 
upper jackets of a furnace required 159 gal. water per min., when entering at 
154.4° and leaving at 165.7° F.; this corresponds to 601. 18 liters of waterat 68° C. 
raised 6.3° C. = 3700 Cal- Nevertheless, the advantages which jackets offer: 
small formation of accretions, ease of their removal as they do not attack the 
walls, and especially the short time required for blowing out and blowing in again 
a furnace that is out of order, have apparently more than balanced the disad- 
vantages, and have been the cause of their replacing brickwork. According to 
Wraith,® at Tooele, the average time occupied in barring dowm and repairing brick- 
work with a double tier of jackets is 2.57 days, with a single tier 4.59 days; the 
reduction in tonnage per year due to lost time is 1,659.3 tons with a double, 
and 2268.0 tons with a single tier of jackets. 

An early example -of a water-jacket shaft is that of the Zeehan and Dundas 

^ Eng. Min. J., 1898, ixv, 641. 

2 Stulzer, Zt. praht. Geol.^ 1908, xvi, 119. 

® Massia, Oest. Zt. Berg. EUttenw., 1918, Lvin, 391, 

* Private notes, July, 1916. 

* Private communication, October, igi6. • 
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Works, Tasmania/ which had wrought-iron upper and cast-iron lower jackets. 
In all furnaces there is in use a double tier of jackets, the lower enclosing the 
smelting zone, the upper the shaft proper. The upper jackets usually do not 
extend to the feed-floor. Figs. 184 and 185, but terminate from 5 to 10 ft. below 
to make room for brickwork alone. Figs. 180 and 181 ; or for brickwork protected 
by cast-iron plates, Figs. 174 and 175, to take up the impact of the charges that 
are fed mechanically; or for cast-iron plates alone, Figs. 176 and 177. 

The side-jackets are 2.5-3 ft. wide arid about 7.5 ft. long, their number de- 
pending upon the length of the furnace. In the furnace of Tooele, Fig. 175, 
there are two side-jackets 5 ft. long, and two 2 ft. 6 in.; they are 21 and 24 in. 
wide. The ends of a furnace usually have each two vertical jackets. Side- 
and end- jackets are usually suspended by hangers from I-beams (mantle- 
frame) which support the superstructure of the furnace and the charging floor. 
They are joined by lugs and bolts, and are braced by horizontal I-beams 
which are bolted together at the ends with connection angles. The jacket- 
plates, usually of flanged steel, are joined by riveting or preferably by welding. 
The inner plates are of heavier material, iri., than the outer, in., to 

counteract warping or buckling. ^ The outer plates have riveted to them dis- 
tance-pieces which support the inner; the latter thus offer a smooth and strong 
surface to the descending charge, and resist corrosion better than the older 
plates with their stay-bolts. The inner plates are more readily corroded than 
the outer. ^ The water-space is 4.5—5 in.; the water-inlets are near the bottoms 
and the outlets near the tops; the inlet-pipes are provided with elbows so that 
the Tvater may be delivered in a downward direction and not impinge upon the 
inner plates. 

109. Feeding and Gas -withdrawing Openings. — All lead furnaces have 
an open throat, as the issuing gases have no fuel value. The idea of closing 
the throat with cup and cone, as with the iron blast furnace, and feeding 
mechanically was suggested some 30 years ago by Hahn® and tried at a later 
date,® but has not been successful, as the heat crept up and gave a hot top. 

Open- top furnaces used to be fed almost exclusively by hand, and still are to 
some extent. With the increase of size of furnaces and the use of blast roasted 
ore the tonnages of furnaces have so increased that hand-feeding has been 
largely replaced by mechanical feeding. Whichever method may be used, 
the charge has to be fed either from the top or the sides. With top-feeding, 
the gases may be withdrawn from the side or the top; with side-feeding they 
are invariably withdrawn from the top. 

In Fig. 173 the rectangular feed-opening, m', in the top-plate, w', is 20-24 
in. wide and 60 in. long, or may extend to the ends of the furnace. The charge 

Beardsley, Tr. A. I. M. E., 1882-83, xxi, 575. 

Editor, Eng. Min. J., 1893, ivr, 523. 

2 Rice, Straightening Warped Jackets, Eng. Min. J., 1911, xci, 653. 

3 Lee, Tr. A. I. M. E., 1907, xxxvxn, 877; discussion, p. 878, and 1908, xxxix, 806. 

• Dwight, Tr. A. I. M. E., 1902, xxxn, 353, 

Min. Res. U. S., 1882, p. 343. 

® Dwight, Tr. A. I. M. jS., 1902, xxxn, 369, 
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is fed by hand, and the gases are withdrawn beneath the floor through the 

down-comer, v. 

Fig. 189 represents tlie side elevation of the top of the hand-fed furnace of 
the former Germania Lead Works, ^ which had a throat area of 7 by 12 ft. = 84 
sq. ft. On either side of the furnace is an opening 12 ft. long by 8 ft. high 
through which the charges are introduced; the opening is divided in two by a 
vertical so-lb. rail to which are attached guides. On the feed-floor is a sill, 6 



in. high, which forces the feeder to lift his charge by the shovelful and prevents 
his shoving it in; it thus favors the regular prescribed methods of distribution 
of charge. The gases are withdrawn from the top through a goose-neck w-hich 
terminates in the roof of the dust-flue. 

Terhune patented^ a device to secure distribution of coarse material near 
the center and fine near the walls of the furnace. It consists of two grizzlies, 
one to a side, sloping downward from the feed-doors toward the center, which 
have tapering bars and form slots narrow near the walls and wade toward the 
center. A charge dumped onto a grizzly will first drop the fine near the walls 

1 CroU, Eng. Min. J.^ 1898, lxv, 641. 

^ XJ. S. Pateat No. 585297, June 29, 1897. 
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and later the coarse toward the center as it glides down the grizzly. A similar 
device has been patented by Dwight.^ 

Practical experience has shown that furnaces fed by hand from the top do 
not work as well as when fed from the sides. Dwight^ calls attention to the fact 

that on a shovel, containing fine and coarse 
ore, the fine parts predominate on the bottom 
and the center, and the coarse on the top and 
sides. If the contents are thrown from the 
shovel, the coarse travels faster than the 
fine. In feeding a furnace from the top, 
Fig. 190, the coarse will prevail along the 
sides, and the fine along the center; in 
feeding from the side, Fig. 191, the reverse 
is the case. In a blast furnace the ascending 
gases meet less resistance near the furnace 
Fig. 190. Blas^ furnace, top-fed, ^^Us than near the center, and therefore 
‘ have a tendency to rush up at the sides. In 

doing this, they overheat the charge near the sides and do not exert the neces- 
sary thermal and chemical effect upon the central portion of the charge. 
Further, the high velocity and temperature of the gases at the sides causes an 
excessive amount of dust and fume to be formed. Hence, side-feeding by 



hand is preferable to top-feeding. 

As to the withdrawal of gases, there 
cannot be an even ascent through the 
charge, if the downcomer with its suc- 
tion is placed at one end of the furnace 
as in Figs. 172 and 173; in addition to 
this, the gases, being drawn off from 
the top of the charge, carry off aU the 
dust they , have entrained. 

In a hooded furnace, Fig. 191, the 
gases pass off more evenly from the 
top of the charge, and their velocity is 
retarded by air entering the feed-doors ; ' 
this causes them to drop dust, which 
falls back onto the charge. Side-feed- 
ing is therefore preferable to top-feed- 
ing as regards the ascent of the gas- 
current. Objection is made that it 
requires a stronger chimney-draft, but 
this is not necessarily the case, as in 



regular work the sliding doors of the feed-opening are kept close to the sill, 
leaving just enough space to permit an even distribution of the charge. Only 


^ XJ. S. Patent No. 959484, May 31, 1910. 
* Tr. A, I. M. E., 1902, xxxn, 367. 
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in barring down wall-accretions are the doors raised fully. There is left then 
an open space, 8 ft. high, which greatly favors the work. With a top-feed 
the top-plates have to be removed before work of this character can be carried 
out with any degree of success. 

Another device for top-feeding of charge is the Pfort curtain or thimble, 
which was used first with iron blast furnaces in 1842;^ with lead furnaces 
at La Pise, France, before i868,^andat Freiberg, Saxony, about 1869.^ In 1883 



Figs. 192 and 193. — Blast furnace, Omaha and Grant Smelting and Refining Co., 
Denver, Colo., 1SS3. 

the furnaces of the Omaha and Grant Works, Denver, Colo.,^ Fig. 192-193, were 
provided with this curtain. It consists of an iron shell, te*, suspended from the top- 
plates in such a way as to leave room between it and the walls for the gases, which 
pass off through the flue, v, into the dust chamber. The charge fills the inside 
of the curtain up to the feed-floor. This arrangement is very satisfactory as 
regards the introduction of the charges and the absence of smoke on the feed- 
floor. Its drawbacks, however, are so great that it has been discarded. The 
charge. Fig. 194, in its descent to the 
downcomer separates more or less into 
coarse and fine; the coarse rolls toward 
the wall while the fine remains at the 
center. This automatic sorting is similar 
to that taking place in the quartering- 
method of sampling when, for the purpose 
of mixing, the ore is coned; the coarse 
collects toward the rim of the cone, and 
the fine remains in the center. Two other disadvantages are, that the man- 
ner in which the charge sinks can be observed only by allowing it to drop 
below the thimble; and that for barring down wall-accretions the thimble has to 

^ Percy, J., “Iron and Steel,” Murray, London, 1864, p. 469. 

2 Griiner, Ann. Min., 1868, xiii, 373- 

« Piltz furnace, Berg. HUttenm. Z., 1869, xxrs, plate dc. 

* Frost, Eng. Min J. 1S83, XXXV, 163. 



Fig. 194. — Pfort curtain. 
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be removed. The withdrawal of gases from the end of the furnace has been 
taken up above. The areas of ore- and gas-spaces are given in Table 54. 

Another niethod of top-feeding is by means of the Darby tube, a pipe 
suspended in the center of the furnace, for the withdrawal of the gases, around 
which the charge is fed. This device, used with the iron blast furnace about 
1858,^ was applied in the Harz Mountains in circular lead blast furnaces about 
20 years later^ and is in operation with several oblong Continental European 
furnaces, e.g., at Hoboken-les-Anvers, Belgium;^ Monteponi,^ Sardinia; in 
Australia with the Port Pirie furnaces;® and in the United States at the Selby 
Lead Works, Selby, Cal. 



Figs. 195 and 196. — Blastfurnace, Sulphide Corporation, Boolaroo, N. S. W. 

The furnaces of the Sulphide Corporation, Boolaroo, IST. S. W., and the 
Selby Smelting and Lead Co., Selby, Cal., may serve as examples. 

The furnace of the Stilphide Corporation, Figs. 195 and 196, with a throat 
16 ft. 9 in. by 10 ft. 3 in. = 171.68 sq. ft., has an oblong thimble, 12 by 5 ft. 
= 60 sq. ft,, for the withdrawal of gases, which extends 5 ft. 10 in. into the 
furnace and leaves a feeding space 2 ft. in. wide at the sides and the ends. 
The top of the furnace is enlarged to make room for tracks on which arrive 
bottom-discharge feed-cars. 

^ Berg^ Siittenm. Z., 1858, xvn, 263; 1862, xxi, 379. 

= Oest. ZL Berg. Huttenw., 1876, xxiv, 320; Berg. Hiittenm. Z., 1876, xxxv, 336. 

Ann. Min. Belg., 1901, vi, 262; 1913, xvm, 500. 

■* Oest. Zt. Berg. Hultenw., 1905, xra, 455; Eng. Min. J., 1905, lxxx, 781. 

* Tr. Austral. Inst. Min. Eng., 1907, xn, i; Eng. Min. J., 1907, Lxxxnr, 517. 
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Th.e furnace of the Selby Lead Works, ^ shown in Figs. 197 and 19S, has a 
throat 13 by 5 ft. = 65 sq. ft., an oblong thimble 13 ft. by i ft. 8 in. = 21.66 sq. ft. 



which reaches to the ends of the furnace and extends downward 5 ft. 10 in.; it 
1 Their work, see Rickard, Min. Sc. PresSj 1916, cxn, 505. 
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leaves a feed-space along the sides of 13 ft. by i ft. 8 in. = 21.66 sq. ft. The 
furnace is hand-fed; fuel and charges are raised from the furnace to the feed- 
floor by means of a vertical elevator driven electrically. Other details are 
taken up later. 

In experimenting with this form of feed at Murray, Utah, it was found that 
the charge between thimble and throat sometimes became hung up. At 
Port Pirie the throat of the furnace, 6 ft. 10 in. wide, has a thimble 4 ft. wide 
on, the feed-floor which extends 3 ft. into the furnace and is contracted at the 
bottom to a width of 2 ft. 6 in.; it thus corrects all possible danger of the charge 
becoming wedged fast between side- wall and thimble. 

The advantages of this device are that it is suited for hand and mechanical 
feeding, that the center of the charge is loosened, that the gases are withdrawn 
along the center-line of the furnace, that the sinking of the charge can be 
followed, and that shaking up of the charge by means of the steel bar to correct 
hanging is readily accomplished, as well as the barring down of wall-accretions. 
This device therefore promises well. 

Table 54. — Port Areas oe Furnaces with Pfort Curtain and Darby Tube 


Item 


Area throat, s^i. ft 

Area gas-open.in.g, sq. ft 

Area feed-opeamg, sq. ft 

Depth of tube, h 

Ratio gas-opening: feed-opening. 



Jo's 






2 '- 


fe 






0 

15.2 

46.6 

43. S 

23.7 

I71 .7 

6s. 0 

130. 0 

18.8 

5 .0 

IS. 4 

16.9 

2 . 1 

60& 

21 .6a 

32b 

4.9 

10 .2 

31.2 

26.6 

21 .6 

III .7 

43 .4 

98. 0 

13.9 

1 .96 

3.08 

3 .00 

2.62 

S.83 

S.83 

3.00 

4.26 

2 .00 

2.02 

1. 57 

10.3 

1.8s 

2 .01 

3.06 

2.83 


(a) Does extend to ends of furnace. (6) Does not extend to ends of furnace. 

References: (l) Ann. Min., 1868. xra, 373. ,(2) Berg. Enttenm. Z., 1869. xxviii 271, plate ix. (3) 
Eng. iSSs.^^v, 163. (4) Kerl, Gmndnss der Metallhiittenkunde, Felix. Leipsic. 1881, 39. s 

Private notes. (6) Tr. Austral. Inst. Mtn. Eng., 1907. xii, x. (7) Ann. Min. Belg., 1901, vi, 262 


no. Hearth with Arents Automatic or Siphon Tap. — The hearth, or the 
crucible with its enclosing brick- and iron-work, extends from the foundation 
to the bottom of the jackets. It is erected on the bed-plate, y’ in Fig, 172. 
This sometimes has an angle-iron rim which may enclose the top of the founda- 
tion or the bottom course of brick; it may even enclose the iron casing which 
strengthens the side-walls. Usually the bed-plate is a straight piece of soft 
steel laid level in cement upon the foundation. 

On the bed-plate is placed the iron casing which is to enclose and strengthen 
the walls of the crucible, as these have to resist the pressure of the lead, charge, 
and jackets, and the thrust due to expansion. Formerly the casing consisted 
of cast-iron plates (crucible-castings, Figs. 172 andi73) strengthened by ribs, 
and fastened together at the beveled corners by tie-rods, These castings, 
even when thick, often developed cracks caused by an uneven distribution of 
pressure. They were clumsy with small furnaces, and became impossible when 
these were made larger. 
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At present therefore the casing is made of heavy boiler-plate strengthened 
by I-beams or rails, Figs. 180 and 181, which are tied at the corners bv bolts or 
connecting pieces. In several instances, as at Trail (Fig. 17S), Midvale, Pitts- 
burgh, etc., the outer hearth-wall has been made oval and enclosed with 
boiler-plate in. thick; this is sufficiently strong and does away with the 
cumbersome I-beams or rails. 

The crucible is internal, that is, it forms the continuation of the shaft and 
does not extend beyond it. Slag and matte are tapped at the top of the crucible 
through tap-hole, m, Fig. 173, in tapping- jacket, 71,2.1 the end of the furnace, and 
run out over cast-iron slag-spout, a. Lead is recovered at the side through cast- 
iron spout, a', placed a little higher than the slag-spout (see below). 

Figs. 172 and 173 show two slag- and two lead-spouts. This arrangement 
has become obsolete. Tapping from both ends has been carried on to correct 
the formation of a crust at the back of a furnace with a single tap, where it 
usually begins and grows toward the front. Two taps were feasible with small 
furnaces.^ With the large units common at present, it is preferable for the 
handling both of charge and of products that one end of the furnace face the 
dump, and this renders double tapping impossible. There are other ways for 
counteracting the formation of back crusts. Having tw’o lead-wells is a waste 
of heat; when one becomes clogged, the other will soon follovr suit. 

A crucible partly internal and partly external has been giv’en up. The 
Mathewson^ fore-hearth was in operation for many years at Pueblo, Colo. 

The hearth walls and bottom of crucible are of the best grade of nre-brick. 
Formerly they rested on the bed plate, Fig. 173. At present a la3'er of ground 
brick and clay in the proportion of 3 : 2 (Figs. 174 and 175), or crushed quartz 
(Figs. 180 and i8i)is beaten down firmly to the form of an inverted arch, on 
which the bricks are placed; this layer allows for expansion of brickwork. In 
building the side-walls, it is better not to place the bricks in direct contact with 
the casing, especially if this is cast iron, but to leave open a smaU space of about 
2}''^ in., and fill this by tamping with brasque, equal volumes of crushed coke 
and clay. When the brickwork expands upon heating, it will pack the 
brasque more tightly and relieve the casing from part of the strain. In the 
two top courses of the side- and end-walls the fire-brick are frequently replaced 
by magnesite brick, as this material resists the corrosive action of matte much 
better than fire-brick. In case magnesite brick are not available, fire-brick, 
h, containing much AI2O3 are used. Thxis two kinds of Laclede brick from St. 
Louis, Mo., are frequently found, the so-called 70-per cent, with AI2O3 66.8, 
Fe20s 6, Si02 30, and the 60-per cent, with AI2O3, 60.7, Fe203 6.9, Si02 38- 
At Trail, B.C., Figs. 176 and 177, a 12-in. layer of concrete encloses the fire- 
brick walls. 

In order to prevent any lead from leaking out at the front through the brick- 
work, and being carried off with the slag, a water-block with trough-shaj>ed 
slag-gutter is often built into the brickwork. If any labor has to be performed 

^ Henrich, Tr. A. I. M. E., 1895, xxv, 96. 

*See preceding edition, page 237. 
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in tlie crucible, a free working opening is easily made by removing the tapping- 
jacket and water-block. 

The depth of the crucible, Table 51, shows a range of from 20 to 30 in.; it is 
usually nearer the latter than the former figure. The length and width at the 
top are the same as the distances between the jackets. In order to reduce the 
amount of lead necessary to fill the crucible, which amounts to 20—40 tons, the 
brick are frequently stepped down from the sides and ends to the bottom, giving 
the crucible the form of a truncated pyramid. A decided reduction of the cross- 
sectional area from front to back is shown in Fig. 175. 

The Arents tap,^ which forms part of the side- wall, consists of an inclined 
channel, d, Fig. 173, from 4 by 4 to 8 by 12 in: in cross-section, which runs from 
the bottom of the crucible side-wall inside to the top on the outside, and is here 
enlarged into a dish-shaped basin, the lead-well, r, Fig. 173. The tap is placed 
in the middle of one of the sides, or preferably nearer the front, as it is then 
more accessible. While the furnace is running, the crucible remains full of 
lead, or nearly so; the lead in the well stands higher on account of the weight 
of the charge and the pressure of the blast. In the early furnaces, Fig. 173, 
run with low blast-pressures, the top of the basin was on a level with that of 
the crucible. With modern furnaces having blast-pressures of from 30 to 40 
02., the basin has been placed upon the crucible-wall (Figs. 174, 175, 180, 183) 
in order to raise the level of discharge, and thereby to prevent the lead in the 
crucible from sinking too far below the level of the tuyeres, as this favors the 
cooKng of speiss, matte, and mushy material, and thereby the formation of 
crusts. The discharge of the basin lies from 4 to 10 in. above the top of the 
crucible. The height required of the basin to keep the lead in the crucible 
at the top of the hearth can be calculated, ^ but actual experience will modify 
the result; in fact, most furnace-men close up the discharge periodically to force 
the lead in the crucible to rise until some runs out with the slag, and thus 
insure a complete outflow of speiss, matte, and mush, when the furnace is tapped 
dry. With charges running high in lead, say 30 per cent., the lead is allowed to- 
overflow into a suitable receiver; with the usual 13 per cent, in silver-lead 
smelting, it is tapped periodically. 

The advantages of the siphon tap are so great that it has been adopted 
everywhere unless conditions forbid its use. With the older furnaces lead and 
matte were tapped together from the bottom of the crucible into a shallow basin, 
and the tap-hole was plugged as soon as slag began to appear. A T-iron with 
eye was placed upside-down in the molten mass; the matte soon solidified and 
was raised by means of a chain or wire rope; the adhering lead was allowed to 
drip off, the cake of matte moved to one side and the lead ladled into molds. 
Into the crucible of the furnace, freed from lead and matte but still retaining 
some coke, there dropped an equivalent amount of half-melted charge which 
had to be raised gradually by fresh lead and matte. When this was the case, 
tapping began again. These half-melted masses had a chance to adhere 

^ Hahn-Eilers-Raymond, Tr. A. I. M. E., 1871-72, i, 108. 

* von ScHippenbach, Metall. u. Ers., 1914, xi, 652, 
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to the bottom of the crucible and were very apt to be the begi ruling of 
bottom-crusts. If these have once started, they are nearly sure to gradually 
freeze up the furnace. With the Arents tap the crucible is always hlled with 
lead, so that crusts do not form on the bottom of the furnace where they 
are inaccessible; all crusting takes place on top of the lead, and crusts can be 
either smelted out or removed by mechanical means. 

There are two cases in which the Arents tap can not be used, and tapping 
from the bottom is necessary. If the charge contains too little lead to replace 
that contained in the crucible with sufficient frequency, the lead in the 
crucible will solidify. Charges with as little as S per cent. Pb have been 
run satisfactorily, but they usually contain not less than 13 per cent. With 
charges running low in lead, bars of lead may be added to the charge. This 
lead entering the crucible at a temperature of iooa-1200" C. replaces part of 
the lead in the crucible and heats what remains. But this feeding of metallic 
lead causes considerable loss in metal, and is practised only in an emergency. 

The other case is that of smelting coppery lead ores. Here an alloy of Pb 
and Cu forms which separates from the lead, adheres to the bottom of the 
crucible, and fills it as well as the inclined channel of the Arents tap. The 
trouble is remedied by adding sufficient S in some form or other to make a 
matte which takes up the Cu. As soon, however, as the matte assays 12 per 
cent. Cu, the same troublesome separation of Pb-Cu is noticed. In concentrat- 
ing lead-matte with 12 per cent. Cu or more, the siphon-tap is out of place, 
and lead and matte have to be removed from the bottom. 

III. Water-jackets.^ — These are water-cooled iron shells that enclose the 
smelting-zone of the furnace to protect it from corrosion by the slag. As long 
as this zone was enclosed by fire-brick or other refractor}’ material, the smelting 
had to be so conducted as to prevent the sides from being slagged; with the 
advent of jackets, this became unnecessary and smelting advanced as regards 
quality and quantity of work. It is true that a considerable amount of the 
heat developed in the furnace, perhaps 10 per cent., is carried aw’ay by the 
cooling- water of the jackets;^ their advantages, however, are so great that in 
non-ferrous blast furnaces they have replaced everywhere fire-brick and other 
refractory materials. 

In 1885—86 there arose a discussion as to the inventor^ and the date of the 
invention of the water-jacket. The earliest mention of water-jackets is made 
by Overman,^ who describes and illustrates a refinery furnace the sides of which 
consisted of water-cooled cast-iron shells, through which water-cooled tuyere 

^Lang, Eng. Min. J., 1895, nxm, 8g, 137, 188, 258. 

Van Zwalmvenburg, op. cit., 352. 

2 Lang, op. cit. 

|Austin, Eng. Min. J., 1897, rxra, 634; Min. Sc. Press, 1908, xcvn, 523. Thermal 
Balance, §156, 

^Eng. Min. J., 1885, xl, 56 (Harnickel, Rolker); 75, 109, 31S, 335 (Courtis); 109, 142 
(Kleinschmidt) ; 123 (Editor); 180, 214 (Wmiarns); 255 (Hahn); 287 (Arents); 305 (Douglas); 
318 (Daggett); 1886, xri, 2 (Tew). 

* “Treatise of Metallurgy,"" Appleton, New York, 1852, 556. 
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nozzles protruded into the furnace. Douglas^ says that J, Williams built 
near Drontheim, Norway, in 1852 “sectional water-jacket furnaces consisting 
of a circle of long, narrow water-backs, perforated by tuyere holes.” About 
the year 1865 the same J. Williams erected a number of water-jacket blast- 
furnaces at Houghton, Lake Superior. According to Arents,^ Haskell built 
in 1865 a water-jacket furnace in California. Kerl,^ in describing the im- 
provements made in smelting in the Harz Mountains, records the introduction 
in 1864 of water-blocks to cool the hearth and to serve as a support for the 
water-cooled tuyere nozzles, but these had been used in refinery furnaces 
for a very long time,^ and are not to be confounded with water-jackets. 
The latter were not in use in the Harz Mountains. 

Spray-jackets were used at La Pise, France, as early as 1862.^ 

From the statement of Daggett® it appears that he erected the first cast-iron 
jacket at the Winnamuck lead smeltery in 1872. 

Cast-iron Jackets . — The original crude cast-iron jackets were improved 
here and there until they assumed the present form given them by Filers and 
Steitz."^ In recent years soft-steel jackets have begun to take the place of the 
cast iron; and apparently will replace them entirely in spite of the fact that 
they cost more and that when worn they form scrap, whereas old cast iron has 
metal value especially in the neighborhood of a foundry. Usually old jackets 
are broken up and used as precipitating iron in the charge. lies® noted that 
corroded cast-iron jackets as well as matte-pots showed values in Ag; thus 
a corroded matte-pot freed from all adhering material assayed 35 oz. Ag 
per ton, and cast-iron jackets gave similar values. Steel jackets last longer 
than do cast-iron, are easily repaired by a blacksmith,® are lighter and hence 
readily removed from the furnace and put again in place. CrolP® gives a 
life-record of 14 months for cast-iron jackets of the Globe Works of Denver, 
Colo., but this is very exceptional; a life of 3 months is nearer , the average. 
Cast-iron jackets are less quickly corroded by salt water than are those of soft 
steel. Cracks in a cast-iron jacket can be repaired at the works by brazing 
with a mixture of copper oxide and borax^i after holes have been bored at the 
ends of a crack to prevent its extending, or by cutting a dove-tail and caulking 
with copper; but the result is not always successful. 

Furnace men who have exchanged cast-iron jackets while a furnace is run- 
ning remember the weight. 

^ “Mineral Resources of the United States,” 1882, p. 268. 

2 Berg. Euttenm. Z., 1866, xxv, 316. 

2 O^. cit., 1867, XXVI, 6 and 47. 

^ Percy, “Metallurgy of Iron and Steel,” Murray, London, 1864, pp. 584 and 625. 

® Griiner, Ann. Min., 1862, xin, 364. 

® Eng. Min. 1885, xn, 316; Min, Ind.„ 1905, xiv, 409, drawing. 

^ Tr. A. I. M. E., 1915, Ln, 735. . . 

. ® Private notes, 1896. 

® Bromide, Eng. Min. J., 1907, ixxxm, 344. 

Op. cit.^ 1898, ixv, 639. 

Pick process, op. cit.y 1906, ixxxi, 228. 

12 Anon, op. cU., 1890, n, 575. 
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Cast-iron jackets, /, Figs. 172 and 173, are from 3 to 5 ft. high, have walls 
thick, and a water-space of 43"^-6 in.; the side-jackets, /, have a bosh, 
the end-jackets, e, do not. The side- jackets are vertical for a distance of about 
18 in. and then spread outward to form a bosh of about 2 ft. in height with a 
flare of 2—4 in. per ft. A furnace has usually three kinds of jackets, two, at 
the ends each half the width of the furnace, and one, /, about 20 in. wide, at the 
sides. Each jacket has its own water-feeder, w'hich begins 8 or 10 in. above the 
center of the tuyere and extends 3 or 4 in. above the top of the jacket, w'here 
it is about 4 in. wide. This insures complete filling of the jacket. The feeder 
was always cast in one piece with the jacket; later it was frequently a separate 
casting, fastened with screws or bolts and made wnter- tight with a gasket. 
Cooling- water is admitted through the water-feed pipe, h, to which is attached a 
hose to conduct downward the cold water so that the larger part may pass by 
the rising warm water which is discharged through overflow- pipe, /, delivering 
into water-trough, j, which empties into a w-aste-pipe. Jackets have hand- 
holes to remove' scale and mud; they are joined top and bottom by bolts, y, 
passing through lugs cast in the jackets. The tuyere-opening, 3-4 in. in di- 
ameter, is in the center of the jacket, 10-12 in. above the bottom. The open 
space between the tops of jackets and shaft- w'aUs is filled with a course of fire- 
brick. As this material is frequently slagged wherever smelting takes place 
above the jackets, two rows of water-cooled pipes are imbedded in the brick- 
work; in some instances water-cooled iron boxes have been suspended from the 
capitals of the iron columns. 

Beside the regular jackets there is used a tapping-jacket, n, Fig. 173. This 
is a water-cooled casting, e.g., 26 by 14 in. and 3.5 in. deep, made of cast iron 
or cast steel, which has 6,5 in. above its low^er edge a conical tap-hole 2.5 in. 
in diameter and i in. deep. The lower edge of the jackets is placed 4 in. beneath 
the upper edge of the crucible-casing to prevent at the front all leakage of lead 
from the crucible, which is otherwise difficult to stop. A cast-iron tapping- 
jacket may last only 7-8 days with large matte-fall, whereas a jacket made 
of a water-cooled coil of iron pipe imbedded in copper lasts 70-S0 days. 

Tap-holes used to be made 1.5 in. in diameter; in Fig. 173 the size is 2.5 in. 
Some furnace-men maintain that the hole ought to be 4 in. in diameter so as tp 
permit flushing out mush which is not taken up by slag or matte. If this 
mush accumulates, it may close up the first and even the second tuyeres near 
the front. The 4-in. tap-hole is usually opened only in part, but is very 
serviceable when occasions demand a thorough cleansing. 

Soft-steel Jackets . — ^The general features of the steel jackets enclosing the 
smelting zone are the same as those forming the shaft-walls. They are usually 
higher than those of cast-iron; thus Figs. 174 and 175 show jackets 6 ft. high, 
and Figs. 176 and 177, 180 and 181, 184 and 185, jackets that are 6 ft. 6 in. 
high, whereas mth cast-iron the usual height does not exceed 4 ft. The width 
of the lower steel jacket is the same as that of the upper, as are the water- 
space and the thickness of plate. One characteristic, not shown in the draw- 
ings, is that the bottom of a jacket is not horizontal, but inclined outward so 
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that mud and scale are not distributed along the bottom, but collect in a 
trough formed by the inchned bottom and the outer sheet, whence it is re- 
moved periodically through hand-holes. The lower jackets are joined and 
held in place in the same manner as are the upper. Both have water-inlets 
and outlets near bottom and top. The usual form of outlet is shown in the 
Holthoff jacket. Fig. 199, in which stress is laid upon giving the curvatures, 
A and B, at corners large radii, especially on the fire- 
sheet, so that they take up readily the expansion caused 
by heating. 

The lower steel jackets either have a bosh, Figs. 174, 
177, 180, as do the cast iron, Fig. 173, or not. Fig. 184. 
The former is more common ; with charges made up mostly 
of blast roasted material the bosh is losing its former 
importance. 

The cooling- water for the jackets is drawn from a 
main tank placed some distance above the water-inlets of 
the jackets in order that the water may have the head 
necessary to force through the pipes the extra amount of 
water needed over the normal, when the furnace is blown 
in or out. The positions of the main and branch pipes are 
shown in the drawings. The amounts of water used in 
modern furnaces are given in Table 53. The jackets are 
washed out at intervals to remove accumulating mud. 
This is done more frequently with the lower than the 
upper. With clean water that is not hafd, the upper 
jackets are washed out perhaps once a month or oftener 
when it becomes necessary to bar off hangings. 

In many instances when there is a lack of water, the same water is used over 
and over. This necessitates cooling apparatus, of which there exist many 
forms. ^ 

1 12. Tuyeres. — The diameter of tuyere-opening is 4— 4M the center is 

placed usually about 13 in. above the bottom of the jacket; and the distance 
between centers is 1 6-18 in. The diameter used to be 3 in. ; the increase to 4 and 
/s^y'2 in. is due to the desire of increasing the smelting power, and has been made 
possible by the comparatively small amount of fines in the charges treated at 
present, which are made up largely of blast roasted materials. Before the advent 
of blast roasting, fine ores formed a large part of the charge; this caused more or 
less tightness and offered a much greater resistance to the passage of the blast 
than does the coarse charge prevailing at present. 

1 Henrich, Tr. A. I. M. E., 1895, xxv, 43, 460. 

Schmitt, Proc. South Afric. Assoc. Eng., 1906—07, xn, 25. 

Hart, Eng. Mag., 1907-08, xxxrv, 590. 

Roberts, Jl. South Afric. Assoc. Eng., 1909, xv, 33. 

Patteson, Cass. Mag., 1909, xxxv, 701. 

Jawger, Min. Sc., xgxt, xxiv, 480, 495. 

Wheeler-Balcke, Iron Age, 1913, xci, 646, Eng. Min. 1913, xcv, 1051. 
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Too much emphasis has been laid upon the jet-like action or penetration of 
the blast and too little upon the volume. At Great Falls, :Mont.,^ Wheeler has 
shown that volume of air is the essential feature in governing the smelting 
power of the furnace, and that penetration has comparatively little to do wth 
it. 

It has been held that penetration is a function of the diameter of tuyere- 
nozzle. Austin^ has opposed this idea. JSIore recently measurements, made 
by Towmay and Hinde^ at the Cockle Creek Works, N. S. W., have shown that 
with a pressure of 46 oz. per sq. in. in the blast main, the pressure in a 3-in. 
tuyere was 40-41 oz., and that in the furnace, 6 in. beyond the tuyere, it ranged 
from 35-41 oz. Reducing the 3-in. tuyere to 2 in. showed that for the same 
volume of blast the pressure in the main had to be raised from 46 to 51 oz. 
A small tuyere requires therefore much more power for the same volume of air 
than does a large. The air upon leaving the tuyere travels in large quantities 
through open channels and in relatively small amounts through spaces where 
it meets resistance from fine materials. Of course, there must be some pressure 
to overcome the resistance in the smelting zone; it is usually from 2-3 oz. and 
may reach 5-6 oz. below the pressure at tuyere, a difference ample to permit the 
air, necessary for smelting, to pass into the furnace. 

The number of tuyeres desired for a given hearth area has undergone some 
change. Hahn'^ reckoned in 1882 that one 3-in. tuyere could serve 2 sq. ft. 
of hearth area. This corresponds to a tuyere-ratio “ of 3.53; in Table 53 it mil 
be seen that the ratio with most furnaces in operation at present is about 5. 

The distance of tuyere-center above bottom of jacket used to be 10 in., and 
is now 13 in. The former figure was sufl&cient for the small amounts of matte 
produced in smelting mixed oxide and roasted sulphide ores. With the increase 
of matte-fall the height had to be raised. If double treatment in blast roasting 
can reduce the S-content to 2 per cent, the distance may be reduced again. The 
nearer the tuyere-level is to the top of the crucible, the hotter wall be the slag 
and matte, and thereby also the lead in the crucible. 

Tuyeres are placed usually on the sides of the furnace, with centers 15-1S in. 
apart in steel jackets; with cast iron the distance was 20 in. The more closely 
the tuyeres are placed, the smaller will be the dead places in the furnace. With 
tuyeres on the sides only, there is danger of crusting at the back; with a back- 
tuyere of the same size as the adjoining side-tuyeres, the latter will grow cold. 
W. Wraith® using at Tooele, Figs. 174 and 175, 4-in. tuyeres, 12 to a side and one 
at the back, by means of a bushing reduced the diameters of the tuyeres 
adjoining the back-tuyere to 2 in., and obtained a uniform heat. 

The tuyere-pipes in use at present^ are very different from those 15 years 

1 Church, Tr. A. I. M. E., 1913, xlvi, 437- 

2 Tr. A. 1. M. E., 1898, xxvm, 902. 

^Eng. Assoc, of F. S. W., through Eng. Min. J., xgz6, cu, 392. 

* Min. Res. U. S.j 1882, 336. 

® Sq. in. tuyere area : sq. ft. hearth area. 

® Private notes, 1916. 

Vail, Eng. Min. 191:6, cu, 639, 
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ago although the general form has remained the same. The older form is 
shown in Figs .172 and 173. The pipe is a tube of galvanized iron ; the horizontal 
tube, about 14 in. long, fits into brass nozzle, p' , inserted into the tuyere-hole, or 
soldered to it; elbow, oc, which connects the horizontal arm with tuyere- 
bag, q, has a brass nipple which contains the eye or peep-hole, 5-, closed either by 
a slide or cap having a glass or mica plate in the center, or simply by a wooden 
plug. In the center of the plug is left a small opening, the size of a pencil, to 
be closed by a piece of wood. In order to keep the blast-pipe in its normal 
position and thus to prevent it from delivering- the blast upward, which is its 
natural tendency, an iron band, hooked by means of two springs to the jacket, 
is passed around the elbow; or an iron loop is soldered to the inner side and 
hooked to the jacket. 



The details of an improved form of such a tuybre-pip6 with the Davis slag- 
escape^ are shown in Figs. 200-202, in which u is a cast-iron elbow, with peep- 
hole, I, closed by cap, w, screwed to a 4-in. wrought-iron pipe, b, provided with 
opening, d, for the escape of slag, and soldered to conical brass nozzle, c, entering 
the cast-iron jacket. To the under side of b is riveted flange, with, lugs, g. 
They receive in a recess the perforated disc of sheet-iron, /, carrying a piece of 
paper or sheet lead, e, and pressed against the seat by screws, /t, thus making 
an air-tight joint. If slag runs into the tuyere, it will burn the paper or fuse 
the lead, and the noise of the escaping blast calls the attention of the keeper 
to the accident.' 

With the ordinary pipe inserted into the tuybre-hole, a leakage of air can 
not be prevented, even if all parts are carefully fitted. The loss in air became 
excessive when the blast-pressure was raised from 12 to 48 oz. and over to meet 
the needs of wider and higher furnaces. This led to the adoption of a tuyere- 
box fastened by an air-tight joint to the jacket. Transition forms, such as 
those of Austin,^ Unziger, and older forms of tuyere-boxes, are given in the 
preceding edition of this book. 

^ Hof man, Mng. Min. J., 1893, 39^- 

* Min. Sc. Fress, 1909, xcvra, 3955 
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Examples of modern tuyeres are those of Eilers, Anderson, and the Traylor 
Engineering and Manufacturing Co. 

The Eilers tuyere, used by many plants of the American Smelting and Refin- 
ing Co., is shown in Figs. 203 and 204. It consists of a cast-iron box screwed 
tightly to the jacket. On the upper side is a nipple with flange to be connected 
with a flanged 5-in. tuyere-pipe; on the lower side is a 5-in. slag-escape closed 
by cardboard kept in place by a holder;. in the cover, attached to the rear end 
by hinged bolts, are two openings, the glass-covered peep-hole, and the 4-in. 
outlet for the escape of the gases when the blast is shut off. While the blast is 
on, the automatic valve, provided with adjustable counter-weight, is pressed 
by the blast against the seat of the 4-in. escape; when the blast is off, the valve 





closes the blast-inlet and opens the outlet, through which the back-pressure 
in the furnace forces the gases into the open. The tuyere is excellent when 
everything is working normally; troubles arise when dirt or slag gets in acciden- 
tally, causing leaks or warping the disk. 

The Messiter tuyere^ has another device to prevent the back-flow of fur- 
nace-gases into the tuyere-pipe. 

The Anderson tuyere, used by the U. S. Smelting, Refining, and Mining Co., 
at Midvale, Utah, is shown in P igs. 205—212. The cast-iron tuyere-box, clamped 
to the jackets, has an 8-in. socket to receive the ball of the sheet-iron tuyere- 
pipe, a slag-outlet closed by a nipple, cap, and lead washer, and a tuyere-box 
cap with lugs tightened by means of cap screws. 

The Traylor tuyere, used at Trail, Northport, and Kellogg, is shown in 
Fig. 213. This combines several interesting features. The cast-iron tuyfere-box 

1 XJ. S. Patent, No. 706332, Ang. 5, 190?. 

16 
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is clamped to the jackets by means of hooks fastening in open lugs; the hooks 
threaded at one end are tightened by means of nuts, and the joint between box 




and jacket is made air-tight through an asbestos gasket held in a groove of the 
box. The box has the Robinson slag-escape^ closed by a fusible or a wooden 
^ Eng . Min . 1908, lxxxv, 251, i^xxxvi, 756. 
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plug, and a rubber-packed cover provided, as in the Anderson tuvere, with a 
valve-pin or tapered plug in the peep-hole. The tuyere-box proper is followed 
by a casing containing a safety-valve similar to that of the Eilers tuyere. The 
5-in. sheet-iron pipe is connected by ball- and socket-joint to the casting con- 
taining the gate-valve, and this is joined with the bustle-pipe as shomm in the 
drawing. 

1 13. Blast. ^The air blown into the furnace is not pre- heated. The use 
of hot blast has been repeatedly suggested. Experiments made j-ears ago^ 
showed no saving in fuel; in fact the burning of extraneous fuel to pre-heat 
the air for the blast furnace can not be considered as promising any economic 
results. Utilization of the waste heat of slag ■will cause a saving in fuel, but 
the question, unanswered so far, is whether the cost of the additional plant is 
not greater than the amount of coke saved. 

The apparatus in general use for furnishing blast is the rotar3'' pressure 
blower of the Roots type. In a few cases turbo blowers have been Installed ; 
they occupy a much smaller space than do rotary pressure blowers, work very 
smoothly, and, it is believed, also very efficient^, although serious doubts have 
been expressed upon this point.^ Tests made "with Connersville blowers at 
Midvale, Utah, and Trail, B. C., show a blast efficiency of 85 per cent, of the 
indicated horsepower when the blower is working against a pressure 2.5-3 
per sq. in. The volume of air furnished by rotary pressure blowers is large; 
the work is satisfactory as long as a furnace does not require a pressure higher 
than 3 lb. per sq. in., otherwise they would not be in general use with non-fer- 
rous blast furnaces. Table 53 shows that modern blast furnaces take from 
4,000 to 8,000 cu. ft. per min. This calls for large blowers. Tables 55 and 56 
give the principal facts of the two leading forms of rotary’ pressure blowers. 


Table 55. — Roots Rotary Pressure Blower 


Displace- 

No. 


Rev, 

per 


H.p. per 1,000 cu. ft. Dis- 
displacement per charge 

min. at 2.$ lb. diam., 
pressure in. 


Pulley Machine 

Diam., i Face, i Length by -width by Weight 
in. j in. height, in. ib. 


6 

H 


18.27 

26.1 

35.7 

47.5 

S6.£> 

81.0 


III .2 

147 .9 
192 -O 
244.0 
304.9 
401 . o 


270 

230 

200 

190 

175 

160 

14s 

135 

125 

120 

no 

100 


no 

140 

175 

220 

260 

320 

360 

450 


16 

18 


36 

36 

42 


136 

160 

184 

216 


97JiX4iKX42H 
li5?iX49 X48M 
126HXS4HX54J4 
140^^X39 X57 

1595^8X65 MX 63?* 
368 MX 73 XSSM 
18 S X79MX62 

202MX90 X.67H 

22oHXroo 'X77H 


S.ooo 

8,500 

10.000 
13,500 

16.000 

26.000 

36.000 

40.000 

52.000 

70.000 

85.000 
115,000 
130,000 


^ Merbach, “Die Anwendung der erwarmten Geblaseluft im Gebiete der Metallurgie,” 
Leipsic, 1840, pp. 157-166, 168-170, 178-180. 

Le Cbatelier, Ann. Min., 1840, xvn, 3. 

Wedding, Zt. Berg, ffuiien. Sal, W. i. Fr., 1871, xix, 155. . 

2 Comp. Air Mag., 1916, xxxi, 7952. 
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Table 56. — Connersvilee Rotar-v Blower 


Displacement per 
rev., cu. ft. air 

Rev. 

per 

min. 

Discharge 
diam., in. 

[ Pulley 

Machine, length by 
width by height, 
in. 

Power 

Diam., 

in. 

Face, 

in. 

13 

250 

14 

42 

7 

• 

99^^ X X 39 

S h.p. per 

17 

225 

16 

42 

8 

117 X 48 X 41 

1,000 cn. 

24 

200 

18 

48 

ro 

123 X 54H X 44 

ft. dis-^ 

33 

190 

20 

60 

12 

147 X 60 X 49^^ 

placement 

45 

180 

20 

66 

14 

i6o^i X 65)4 X SS 

per - min. 

57 

170 

24 

72 

16 

170 X 70H X 59 

at .1 Ib. 

65 

160 

24 

84 

16 

181 X 76 X 63 

pressure 

84 

ISO 

27 

84 

20 

192 X 8i>^ X 67 


100 

140 

30 

96 

20 

2ioI^ X 87H X 70 


118 

130 

30 

120 

20 

2135'^ X 94 X 76 



There are two ways of suppl5dn.g blast to a number of furnaces. Each 
furnace can have its own small-size blower, or several large-size blowers deliver 
the compressed air into a blast-main from which the several furnaces are sup- 
plied. The first method is the more desirable, as a furnace can be run inde- 
pendently from its neighbors, while at the same time it can be cross-connected 
with a main leading to other furnaces and assist in time of need. The second is 
the one generally accepted, as the plant is cheaper, the care easier, and the repair 
smaller; it is, however, desirable that the blowers be of the same size. The 
volume of air delivered to the several furnaces with the second method is 
regulated by a gate in the branch-pipe. 

The blast-mains are of plate iron. The main blast-pipe or induction-pipe 
which receives the air from several blowers has a diameter one-third larger than 
the combined outlets of the blowers. The main usually runs along the backs of 
a row of furnaces near the dust-chamber, and is suspended 8 ft. or more above the 
furnace floor. It has safety- or relief-valves and is closed at both ends by gate- 
valves. If one of the furnaces is to stop for a short time, one of the gate- valves 
is slightly opened and some air allowed to go to waste; this is a more conven- 
ient procedure than reducing the speed of the engine. In each branch-pipe 
connecting a blower with the main pipe there is a gate which is closed when the 
blower is not in use, as otherwise it may happen that the idle blower will be 
running backward. 

From the blast-main branch-pipes, each provided with a gate- valve, fur- 
nish the blast to the bustle-pipes of the several furnaces. Figs. 176 and 181. The 
bustle-pipe, which encloses two sides and one end of a furnace. Fig. 214, has on 
the upper surface cast-iron gas-vents, the details of which are shown in Figs, 
215 and 216. The opening of the vent, 10 in. in diameter, has bolted to it the 
valve-seat, through the center of which passes a gliding brass valve-rod with 
handle carrying at its lower end the valve, a brass plate. The rod fits snugly 
into the opening of a rubber washer. The combined weights of valve and rod 
are so adjusted that the valve, when pulled with the handle, will remain in 
place when the blast-pressure is normal; it will sink when the pressure falls, 
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On the lower side of a bustle-pipe thimbles pass downward to be connected 
with the tuyeres. Formerly the connection was made with closely woven 
canvas bags, Fig. 173, which had been soaked in water-glass, alum, or mineral 
paint to prevent catching fire from sparks. A thimble had a slide-damper to 
permit shutting off the blast, wholly or partly, from a tuyere. 

With high-pressure blast the leakage became so great that the bag was re- 
placed by an iron pipe provided with a gate-valve. 



Fig. 214 Fig. 21 5 Fig. 2 15 


Fig. 214.-^ — Bustle-pipe with gas-vents. Figs. 215 and 216. — Gas- vents of bustle-pipe. 

The pressure of the blast is measured with quicksilver, w’ater, or glycerine 
gauges; a difference in level of 2 in. quicksilver or 28 in. w^ater or 21 .5 in. glycerine 
(sp. gr. 1.28) equals i lb. of 16 oz. av. d. p. pressure per sq. in. Water and glyc- 
erine are often colored, or a drop of insoluble coloring matter is added to each 
limb that the level may be plainly seen. Most works at present have in the 
blower room a recording gage which shows the variations in pressure of blast 
in 24 hr. The recorder of the Bristol Co., Waterbury, Conn., is the one most 
frequently found. 

114. Handling Ores, Fluxes and Fuels. — The receiving and disposing of the 
raw materials for the blast furnace forms part of the general arrangement of the 
whole plant with its operations of sampling and storing of materials, of roasting 
and blast roasting, preparing smelting charges and disposing of products, as 
well as the disposition of power, water, and other necessaries. The correct 
solution of this engineering problem may involve the success or failure of a 
plant, and is too large to be taken up here in detail. 

There have taken place many discussions as to whether a terraced or a level 
site^ is best suited for a plant, but the views expressed differ greatly, although 

^ Locke, “ Smelting Plants,” Cincinnati, 1883, 

Austin, Tr. A. I . E., 1896, xxvi, 388. 

Vezin, ibid., 1095; Eng. Min. 1897, ixiv, 123. 

Editor, Min. Reporter, 1904, l, 376. 

Lang, Eng. Min. 1907, nxxxm, 565. 

Austin, ibid.^ 726. 

Moore, loc. cit., ipoS, ixxxv* 
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everybody agrees upon the necessity of having ample fall and space for the slag- 
dump. The handling of materials by belt conveyors has weakened the case 
of the advocates of a terraced site. 

In the preceding edition of this book drawings and descriptions of several 
well-arranged plants were given. Some of these plants have been abandoned; 
others have been altered to meet the present requirements of mechanical hand- 
ling of materials in the preparation of charges and the disposal of products. 
The modernized works cannot serve as models. The only new plant is that 
of the Bunker Hill and Sullivan Mining and Concentrating Co. at Kellogg, 
Idaho another has been proposed for China, but not erected; both are treated 
in §122. 



Fig. 217. — Ore-bed. 


Some plants situated in the North have to handle in winter frozen concen- 
trates. These have been thawed out, e.g., on a straight-line, heated hearth 
over which travel scrapers. This method is expensive and is likely to make 
much dust, especially with flotation concentrates. • Crushing the frozen ore 
with toothed rolls and then reducing to desired size with a swing-hammer 
pulverizer is more satisfactory, especially as flotation concentrates form granules 
which give up their water only when they have been fed on to the Dwight-Lloyd 
sintering machine, and are not handled before they have been sintered with 
the charge to which they had been added. 

In order to make possible a general discussion of the handling of raw ma- 
terials, it is expedient to consider with some details, the methods followed by 
the older and the remodeled plants in receiving the raw materials and pre- 
paring the charges with manual labor and mechanical devices. 

^ Min. J ,, 1916, ci, 868; Min. Sc. Press, 1917, cxrv, 155. 
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A custom lead smeltery^ receives a variety of ores which, after ha\’iiig been 
weighed, sampled, and analyzed separately, have to be incorporated in the 
smelting mixture. This has always been, and is still largely accomplished bj’’ 
bedding, that is, spreading out the ores in horizontal layers (similar to la^’-er- 
cake), calculating the average compositions of the beds, and using as ore mix- 
tures the beds which are cut down vertically so that each cut shall represent a 
true average. A section of a bed is shown in Fig. 217. 

In making up beds, the physical conditions as w'ell as the chemical composi- 
tions of the ores are taken into consideration. Thus physically, ores may be 
coarse or fine, dry or wet; chemically they may be silicious, basic, or nearly 
neutral, they may be sulphides which are to be roasted or blast roasted, or 
oxides which are smelted raw. Analyses of such ore-beds at Monterey, 
Mexico, by Hahn^ are given in Table 57. 


Table 57. — Analyses of Ore-beds 



Si02, 

per 

cent. 

Fe, 

per 

cent. 

CaO, 

per 

cent. 

Zn, 

per 

cent. 

M2O3, 

per 

cent. 

S, 1 As, I Pb, 
per per per 

cent. cent. cent. 

Ag, H2O, 
oz. per per 
ton. cent. 


13.6 
19. 2 
6.5 

21 . 6 

19-3 

28.5 

3-3 

4.2 

2.0 

2.3 

3-0 

1 . 2 



15-4 ' 12 

26.9 12 

7-8 ■ 12 


0 , ; / 






Iron ores 

5-5 

6.6 j 

40.5 

35-5 

2.8 

30 

2.6 

1-5 


1.2 S . I 

1-2 ; 1 9-0 1 

2.5 8 

2.3 ^ s 

Silvpr ores , , , . 

3 S-S i 
44.2 

73-4 

7.0 

4.6 

35 

17.8 

14-7 

6.8 

1 .0 

2.0 

1-5 

j 

i 

4-8 , 1 .0 

2.4 

53-6 ' S 

263.3 s 

! ^0.0 



* ^ 


! 

Special ores 

iS-6 
14-3 1 

35-9 

37-9 

1 1 .0 

0.9 

6.8 ! 1.7 
S-6 i 

8.2 : 

6.2 I.o 

32.1 5 

35-9 6 



With large smelting-beds it is frequently not possible for small shipments 
to be spread over the entire bed; in such cases small lots are ‘‘matched, ’ that 
is, they are distributed in parallel strips over the ore-bed. 

In modern mechanical plants the practice of bedding has been mostl}* 
abandoned, although there is a prospect that the Dwight-Messiter® system, 
which has been so successful with copper smelteries, will make its way into lead 
plants. 

The following examples of the preparation of ore mixtures are character- 
istic of the present modes of operating. 

^ Editor, Eng. Min. J., 1912, sxiv, 50. 

Ellers, ibid.^ 147. 

2 Tr. InstU, Min. Met.y 1899-1900, vm, 262. 

3 See Hofman, “Metallurgy of Copper/’ McGraw-Hill Book Co., New York, 191S, 356. 
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Plant A . — In Figs. 218 and 219 are shown the plan and cross-section of 
bedding-bins and ore-pockets of a large smeltery; the section is drawn to a 
larger scale than the plan in order to bring out details. The plant is 335 ft. 
wide and 512 ft. long, and covers an area of 171,520 sq. ft. For the reception 
of the materials there are provided the North and South ore-beds, and the 
North and South ore-hoppers or -pockets on the sides of the central coke- 
bins; usually the coke is unloaded from the cars directly into the buggies. 
The materials arrive in cars on elevated tracks, and are discharged either by 
hand from the side of a car or dropped from the bottom. 



SECTION .4-.B 

Fig. 219 

Figs. 218 and 219. — Plant A; plan and cross-section of bedding-bins and ore-pockets. 


For the bedding of ores there are provided two sets of four bins, 16 by 20 ft. 
and 16 ft. 6^^ in. high, each holding about 50 tons of ore. A set receives its 
ore through two elevated tracks. The ore is sampled by fractional selection; 
the discard is transferred by wheelbarrows from the cars to the bins and spread. 
Ore and flux to be stored in the hopper-shaped bins arrive as a rule in bottom- 
discharge cars on elevated tracks. There is provided a large bin for storage 
of coke which is to supply the furnaces in case the daily shipments cease tempo- 
rarily; usually the coke-cars are emptied into wheelbarrows. Ore, flux and 
coke are wheeled to the charge-shed and emptied there into a charge-car on a 
depressed track in the charging pit, care being taken to dump the charge-com- 
ponents in prescribed order in such a. manner that they form layers; coke is in 
troduced last in order to diminish breaking by the impact of the charge, whic^ 
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weighs 8,000 lb. An inclined hoist delivers the bottom-discharge car to a trans- 
fer-car on the feed-floor, which is moved to and fro by electric traction, spotted 
over the throat of a furnace, whereupon the contents of the charge-car are 
dropped. 

Details of this arrangement are given in plan and vertical section in Figs. 
2 20 and 221. The plan shows in the iron-plate platform the openings, lo 
ft. by 2 ft. 4% in., of the two charging-pits in the charging-shed of Fig. 218. 
The openings have on the sides L-shaped angles, 4 by 5 by % in., against which 
the hand-pushed cars bump when they are being discharged. Their contents 
are received in two charge-cars, ii ft. 9 in. by 3 ft. and 3 ft. 6 in. deep, traveling 
on a track of 3-ft. gauge; a car holds 5-6 tons charge. The cars, 7 ft. below the 
floor, are raised 30 ft. by a direct-hoisting cable to the feed-floor on two incHnes, 



Conveyor? 7'?" Bedding Blasi'' 

w Pans 13x18 '= 8 " SIDE ELEVATION 
Fig. 2 23 







SECTION A A 
FiG.225 


Fig. 222 - 225 . — ^Unloading and bedding direct ore. 


of 28° grade, which combine to a single line leading at the crest of the incline 
to the transfer-car on the feed-floor which has a gauge of 14 ft. 8 in. , When the 
charge-car has been unhooked, it is transferred to a furnace, emptied, and re- 
turned to the hoist; the hoisting-cable is hooked on, and the car lowered into 
the charging-pit. A switch at the upper end of the incline deflects the car to 
its proper track. 

This method of raising the charges to the feed-floor is similar to the one in 
operation at East Helena, Mont.^ 

Plant B . — ^A combination of bedding ores mechanically and transferring the 
mixture by hand to the feed-floor of the blast furnaces is represented by plan, 
side- and end-elevations, and section in Figs. 222-225. The direct ores, that 
is, ores to be bedded and smelted raw, arrive in box cars on two trades; they are 
unloaded by hand from the platforms, 3 ft. 3 in. high, onto a chain-conveyor, 
2 ft. 7 in. high, running between the platforms. The conveyor, which has pans 

^ Dwight, Tr. A. I. M. E., 1902, xxxn, 382, 
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i8 by i8 by 8 in., travels horizontally for a distance 194 ft., rises 30 ft. 3 in. in a 
distance of 47 ft., and delivers the ore into a collecting bin provided with gable- 
shaped bottom and corresponding double discharges which empty into side-dis- 
charge cars. At an elevation of 7 ft. 7 in,, these are hauled electrically outward 



on one track and backward, after passing the loop, on the other; the gauge is 
2 ft. 6 in. The man on the cars attends to the starting, stopping, and discharg- 
ing. The bedded material is moved by hand in trucks and wheelbarrows to 
the feed-floor of the blast furnaces, which is on the same level. 
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Both arrangements provide for the bedding of ores, but involve considerable 
manual labor, plant A more so than plant B. The present tendency of lead 
plants is to give up the bedding-system, to handle ores mechanically, and to 
make up charge-mixtures in a similar manner. 

Plant C, shown by a section in Fig. 226, represents the storage- and bedding- 
bins of the lead-plant of the International Smelting Co., Tooele, Utah.^ 

The series of 26 V-shaped bins is 260 ft. long and 32 ft. wide. At first a V- 
shaped bin was divided by a central wall into two compartments; there were in 
operation 52 bins which were 16 ft. long. As the ores dropping from opposite 
bins into the cars below were not satisfactorily mixed, the central wall has been 
removed and only the steel framing retained. There are in use therefore 26 bins 
which at the base of the V are 32 ft. long, 10 ft. wide, and have a maximum depth 
of 24 ft. ; a bin or pocket has a capacity of 5,398 cu. ft. and holds about 500 tons 
lead ore. The several pockets receive the ores either direct from railroad cars, 
or through a 20-in. belt conveyor, 820 ft. long, and a Robins automatic traveling 
tripper. Thus fine ores and concentrates are usually unloaded direct from 
cars, whereas other materials go first to the crushing plant whence they arrive 
by the belt conveyor. A pocket is closed by a circular hand-operated gate. 
The ore is discharged into a suspended weighing-hopper provided with Fair- 
banks suspended scales having independent beams. The weighed materials of 
the hoppers are emptied into the charge-cars running slowly to and fro on the 
bottom track, so that they are uniformly spread in the cars. Ore that is to go to 
the Dwight-Lloyd sintering machines is discharged into cars 12 ft. long and 4 ft. 
wide holding from 3 to 5 tons; material which goes to the blast furnaces is col- 
lected in hopper-bottom charge-cars having two drops which are 14 ft. long and 5 
ft. wide, and hold from 5 to 8 tons. A charge-car has four-wheel trucks at each 
end, and is moved by a railway-type motor geared direct to the axle. A car 
thus has two motors which are operated at one end through a street-railway 
type controller. The drop-doors and brake mechanism can be operated from 
either end of the car. The charges for the five charge-cars of the five blast fur- 
naces are made up per shift by i foreman, 3 loading men, 2 motor men, and i 
laborer who shovels in drosses. On the furnace-floor are i foreman, 2 feeders, 
2 helpers, i laborer, and i coke- weigher. Thfis 14 men handle per shift from 
1,300 to 1,580 tons charge. 

Plant D . — ^A cross-section showing one of the concrete bins, the tilting 
weighing-hoppers and receiving charge-cars of the Consolidated Mining and 
Smelting Co. at Trail, B. C., is shown in Figs. 227 and 228. The six elevated 
concrete bins of a section receive their materials from a track not shown; they 
have convex fronts and backs and parallel sides, and each has three discharges 
2}^^ ft. wide. A bin, 18 ft. long, 16 ft. 6 in. wide, and 14 ft. deep, has, without 
the discharge, a capacity of 4,358 cu. ft. and holds about 450 tons lead ore. 
The discharge-openings, 16 by 24 in., are partly closed by gates. Th6 ore is fed 
from a bin by link-belt conveyors having metal curtains. A conveyor, when 

1 Thomson-Sicka, Tr. A. I. M. E., 1913, xivr, 946. Private notes, and com'nunicatiw 
by W. Wraith, July, 1916. 
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in motion at a speed of 50 ft. per min., delivers the ore into a tilting 
receiver provided with a beam scale. The receiver empties automatically 
into the charge-car beneath when it has received its predetermined amount 
of ore. 

Plant E . — A very recent installation is that of the United States Smelting, 
Refining, and Mining Co. at Midvale, Utah,^ which has reduced the number of 
men required to a very low figure. Fig. 229 gives a cross-section through the 
ore-bins, and Fig. 230 a side-view of the Robins tripper. The materials are 
collected in three rows of bins, each with its track beneath. On the tracks, 
connected by spring-switches, travel the scale- (charge-collecting) cars. One 
row of bins has flat bottoms; they receive sampled oxide ores to be bedded, and 
are provided with pairs of reciprocating undercut arc-gates. The bedded ore 
is cut down by two men in a bin and shoveled to the arc-gate. The oxide ores 
are distributed on the beds by means of a slow-moving Robins tripper which 
discharges from a belt conveyor. To the standard is attached a carriage which, 
running on a track below the level of the belt conveyor, has an adjustable 
spout to permit delivering the ore to the near or far side of the bin. The 
tripper proper has mounted on it a seat for the operator who starts and stops 
the tripper, and adjusts the movable spout. The other two rows have hopper-bot- 
tom bins for roasted ore, iron ore, limestone, coke, etc. A bin is discharged by a. 
pair of (Leviathan) belts. The discharges of the bins are wide, the combined 
width being a little less than the length of the charge-car; they therefore fill the 
car uniformly throughout its length. The discharge-gates are operated by a 
7.5-h.p. motor on the car. The car has about the same length as that of the 
throat of the blast furnace; its capacity is 120 cu. ft. It is mounted on two4- 
wheel swivel-trucks and one pair of small guide-wheels, which permits running 
on sharp curves. The car carries a 19-h.p., 500-volt direct-current travel motor, 
which drives it with full load at a speed of from 600 to 700 ft. per min. 
There are provided in addition a 7.5-h.p. motor for opening and closing the 
gates, and a foot-brake. The hopper-frame of the car is suspended on scales 
having multiple beams. The scale-pointer is provided with a plus- and minus- 
beam which is set before every weighing in such a manner that the pointer 
moves when the weight is 100 lb. short of the final weight. By setting the 
auxiliary beam on the zero mark, the weigher can add the missing amount and 
obtain an accurate weight. In operating, the car is stopped beneath a gate, and 
the gate-mechanism connected with the 7.5-h.p. motor by throwing a lever; 
this breaks the current connection with the travel motor and makes it impossible 
for the car to move while it is connected with the bin gear. When the gate 
has delivered its proper amount of ore, it is closed, the connection is broken, 
and the travel motor started. In this manner as many as eight components 
of a charge can be dropped. At Midvale the scale-car is run on to a bridge 
over a charge-car and its content dropped; 24 men handle in 24 hr. 1,500 

^ Editor, Eng. Min. J., 1915, c, 519. 

Anderson, op. cU., 1916, ci, 885. 

Private notes, xgi6. 
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tons charge; one man feeds six furnaces. In a new plant the scale-car would be 
the charge-car. 

115 * Handling Lead. ^There are three ways of removing blast furnace lead 
from the basin of the Arents siphon- tap: dipping, tapping, and allowing to 
overflow. The crude lead is usually transferred to a drossing-kettle holding 
from 20 to 40 tons lead, where it is freed from impurities held in suspension, 
and sometimes poled; the cleaned lead is then sampled and cast into bars. 

Formerly the lead, resulting from charges running low in lead, was ladled 
from the well into a string of molds; the liquid lead in the molds was freed from 
floating dross by skimming; the solidified bars were transferred on to a truck, 
and sampled. 

This method has become obsolete, as there is no good control of the level of 
the lead in the crucible of the furnace, and the content and distribution of 
precious metal and dross in the bars from different dippings are likely to be 
uneven, causing no end of difificulties in the valuation of the precious metal 
in lead bullion. 

Tapping the lead from the well has therefore become common practice with 
charges containing about 15 per cent. Pb; this keeps the level of the lead in 
the crucible uniform and thus lessens the danger of formation of crusts. The 
lead from such charges is collected in a two-wheel spherical cast-iron pot, and 
this trammed to the drossing-kettle. It is also gathered in a cylindrical pot, 
cast iron or plate iron brick-lined; the pot either has wheels and is trundled to 
the drossing-kettle, or it is without wheels and is handled from an overhead 
electric crane. With charges containing less than 15 per cent. Pb, the lead 
tapped into the receiver is cast into bars, as at El Paso, Te.xas,^ to be trammed to 
the drossing-kettle. 

At the Selby Lead Works^ there was in operation a casting system in which 
lead was collected alternately in two tilting kettles which ran on two sets of 
tracks intersecting at an angle of about 130° under the spout of the lead-well. 
A kettle filled with lead was run to the end of the track, and the lead discharged 
into a set of ten flanged, cast-iron, water-cooled molds. Such a complicated 
apparatus is not desired near a furnace. 

A continuous overflow of lead from the well is appropriate with charges con- 
taining about 40 per cent. Pb. This method is in operation at Herculaneum, 
Mo., and Northport, Wash. At Herculaneum^ the daily product of 90 tons lead 
from charges with 40 per cent. Pb is run into molds on a casting- wheel. The 
rough pigs are trucked to the refinery which contains liquating reverberatory 
furnaces dehvering into 30-ton kettles in which the lead is poled with steam, 
drossed, and siphoned into molds on a casting- wheel, whence the pig-lead goes to 
market. A similar arrangement is that of Northport, Wash. A vertical sec- 
tion of the casting- wheel connected with the blast furnace (Figs. 181— 1S3, 

^ Easter, Tr. A. I. M. E., 191S, m, 716. 

2 Bennett, Eng. Min. 1908, ksxxvt, 83, drwgs. 

® Pulsifer, Min. Eng. World, 1913, xxxnc, 1054. 

Editor, Eng. Min. J., I9i4» xcvm, 899. 
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Table 53) is shown in Fig. 231, which needs no further comment. The wheel 
is moved by hand as soon as the mold in front of the spout of the well is fiUed. 
The bars of lead are removed by hand and transferred to the drossing-kettle. 

A drossing-kettle of 20 tons capacity is 6 ft. 4 in. in diameter and 3 ft. deep; 
a 30-ton kettle 8 ft. 10 in. in diameter and 3 ft. 4 in. deep; drawings of kettles are 
given in §247. 

Before charging the kettle and while it is being heated to receive liquid lead, the 

bottom is sometimes covered with ashes. The ashes make the dross drier, that 



is, they cause it to retain less entangled lead. When a kettle is filled with liquid 
lead, the temperature is allowed to fall to 480*^ C. before it is drossed.^ When 
the dross has been removed, the lead is poled with air until the decreasing tem- 
perature reaches 360° C.; the rising dross is removed from time to time. The 
temperature is now raised to 380*^ C., when “gum-drop” samples (ladle- 
samples weighing about 0.5 assay-ton) are taken; it is raised further until it 
reaches 425® C., whereupon the lead is cast. 

The dross is usually skimmed into a Howard press (§248) to remove as 
much as possible adhering lead. The pressed dross usually goes direct to the blast 
furnace charge; sometimes it is further freed from lead by liquating in a rever^ 

^ Weeks, Tr, A, I. M. JE., 1915, nn, 711. 
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beratory furnace. At some works the dry dross is allowed to accumulate and 
added to the blast furnace when sufficient has been collected to have a de- 
cided influence upon the Cu-content of the resulting matte. 

Molding of lead is taken up in §253, 

1 16. Poling Lead. This term signifies the mechanical stirring of liquid 
lead by means of compressed air at a temperature of 400-500“ C. in an open 
kettle. The object of the operation is to bring to the surface impurities held 
in suspension by the lead. When they rise to the surface they become slightly 
oxidized and remain on the surface of the heavier lead bath, whence they are 
removed as a more or less pasty mass, called dross, by skimming with a per- 
forated disk, 10—12 in. in diameter, riveted to a pipe-handle, 6 ft. or more in 
length, having a T-handle. 

The purification of lead by dressing is considered in §241. 

Poling of lead bullion, which is usually shipped to a distant refinery, is of 
recent date. It has become common practice with smelteries, as, b\’ remo\'ing 
the dross from the bullion, the dross remains at the smeltery where it belongs, 
and the lead freed from dross can be satisfactorily sampled for determining the 
content of precious metal. 

Impurities, such as As and Sb, which are alloyed with the lead and removed 
only to a very small extent by poling, are taken care of in the refinery by the 
operation of softening (§241). 

With lead that is high grade and sufficiently free from precious metal to go 
straight to market, poling at the smeltery is absolutely necessary, as all primary 
lead retains some intermingled impurities w'hich have to be removed before it 
can be used in the metal industries. 

Formerly a green pole w^as thrust into the lead. The gases and vapors set 
free stir up the lead and expose continually new surfaces to the oxidizing action 
of the air. Thus most of the Cu and S, and small amounts of As, Sb, Zn and 
Fe are slowly oxidized, and collect on the surface as a dross. It takes about 
2 hr. to pole a kettle. 

Later a crutch was used to keep a stick of green wood horizontally depressed 
in the lead. A crutch consists of a piece of flat-iron long enough to reach about 
ft. over the kettle upon which it is placed and weighted with a couple of 
bars of lead at either end. To the flat-iron are riveted t'wo arms, say 2 ft. 6 in. 
long and 2 ft. apart, forked at the ends which, reaching into the lead, receive the 
wood; they are connected halfway dowm by a cross-piece of flat-iron. Usually 
the crutch with its billet of green wood is put in place before the kettle is filled, 
as this obviates the tedious work of depressing a green stick in hot lead. 

In modern plants, which have available steam and compressed air, poling 
with wood has been replaced by introducing steam or preferably air near the bot- 
tom of a kettle through a i- or 1-5-in. pipe, bent to the form of the kettle and 
passing downward through the lead. The pipe bent over the rim of the kettle 
is weighted with bars of lead, or the rim has a clamp which holds it in place. 
In using steam, it is important that an automatic trap be placed near the 
kettle to remove condensed water. 

17 
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At Herculaneum, Mo./ the lead is steam-poled by means of the Bardill 
apparatus given in Figs. 232 and 233. It shows two connecting concentric pipes. 
The inner pipe, open at the ends, is screwed at the top into a cap which closes 
the outer pipe and has an opening 0.02 in. in diameter leading into a cylindrical 
receiver filled with sponges and connected with pressure- water. The outer pipe 
forms a generating chamber from which steam is withdrawn at the side through 



Figs. 232 and 233. — ^Bardill poling apparatus. 


an elbow and passed downward through a delivery-pipe. The apparatus is 
lowered into the lead, being suspended by a chain-block from an overhead trol- 
ley, and heated by the lead. Pressure-water, freed from possible suspended 
matter by the sponges, enters the inner pipe through the capillary opening, is 
vaporized in its passage downward in the inner and upward in the outer pipe, 
passes near the top of the latter into the delivery-pipe, and poles the lead. The 
apparatus is cheap, effective, and easy to handle, but care has to be had to avoid 
explosions. 

1 17. Handling Matte and Slag, General. ^ — ^An imaginary cross-section 
through the crucible of an operating furnace would show the crucible filled with 

^ BardiU, Eng. Min. J., 1915, c, 969. 

“ Braden, Tr. A. I. M. E., 1886, xxvi, 38. 
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lead and floating on top of it speiss, matte, and slag in the given order. The 
lead is removed through the siphon-tap at the side (see Figs. 197 and 198), and the 
other products are tapped together intermittently at the front into a receiver in 
which they separate according to their specific gra\nties (7, 5, 3.5 respectively) 
speiss at the bottom, followed by matte, and this by slag. On top of the 
normal matte there is found frequently an abnormal matte-like mush^ rich in 
Zn, which has not been taken up by matte or slag, and is likely to cause con- 
siderable trouble. 

In smelting the usual run of ores the amount of speiss produced is too small 
to separate from the matte; it remains suspended in or dissolved by the matte. 
With arsenical ores or with refinery products containing considerable amounts 
of As and Sb, it is generally not feasible to volatilize these two metals to such a 
degree that they do not form speiss, and this undesirable intermediary product is 
formed, often in unexpected quantities. When this is the case, the speiss has to 
be separated from the matte by breaking the solidified cake. In the present 
discussion, speiss needs no further cciiaideration. 

1 18. Separation of Matte and Slag. — With small furnaces treating charges 
which gave a low matte-fall, matte and slag were tapped into slag-pots. These 
were removed to the dump by slag-wheelers, allowed to solidif}’, and broken 
with sledges when cold. With the increase of S in the charge the larger amount 
of matte produced was taken care of by using overflow slag-pots which retained 
the matte and were exchanged when the level of the matte had risen to the 
overflow-spout. The waste slag was hauled to the dump and handled in the 
old way or was poured over the edge of the dump. As the furnaces became 
larger and the matte-fall increased, the small overflow-pots were replaced by 
large movable fore-hearths, and waste-slag pots introduced in sizes which re- 
quired power to take them away so that the slag might be disposed of by pour- 
ing over the dump or into a granulating apparatus. The matte was tapped at 
intervals from the fore-hearth into a receiver where it solidified, or into ladles 
when it was to be brought forward by converting. This is common practice 
at present. In a few instances the slag-matte mixture, tapped from the blast- 
furnace, is transferred to a reverberatory settling furnace from which matte 
and slag are removed intermittently. 

Though the former smaU-size slag-pots are not much used in ore-smelting 
plants, they have been retained to a certain extent in refineries having small 
blast furnaces for the treatment of batches of intermediary products. 

Figs- 234 and 235 give a plan and section of a hand-dravm slag-pot with curved 
handle, 5 ft. long; the bowl has a capacity of 1.6 cu. ft.; the axle, 8}^ in. long 
and i %6 in. in diameter, runs on roller-bearings, 3^6 in. long and 3 4 in. in 
diameter; 12 such pots are sufficient for a furnace 36X60 in. at tuyere-level. 
As the bottom of a pot is worn out more quickly than are the sides, Terhune® 
has made it exchangeable. 

An overflow-pot is represented in Fig- 236, which is larger than the regular 

^ Easter, Tr. A. I. M. JS., 1915^ i-n, 716. 

2 Tu 4 , 1, U. E., XV, 92 - 
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catch-pot, Figs. 234 and 235. Ordinarily the slag is allowed to harden from the 
surface down to a depth of a few inches, the inlet and overflow being kept open. 
The hardened slag prevents the liquid slag below from cooling, and thus pro- 
motes a good separation of matte and slag. 



Figs. 234 and 235. — Slag-pot, hand-drawn- 

In order to do away with the necessity of moving the heavy overflow-pot 
when filled with matte, a tap-hole^ has been placed near the bottom as shown 
in Fig. 237. Matte is periodically discharged through it into an ordinary slag- 
pot. As this tap is likely to wear away quickly, Terhune, Fig. 238, made it 
detachable. 

^Braden, Tr. A. X. M, E., i8g6, xvx, 38. 
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Instead of using an overfiow-pot to collect matte, there was in operation for 
some time a catch-pot with tap-hole above the level to which the matte was ex- 
pected to reach; the still-liquid slag was tapped into a waste-slag pot, and the 
matte in the bottom remained undisturbed and was allowed to solidify. Xhe 
slag-shells were returned to the blast furnace. Such pots went by the name of 
Deveureux pots, Deveureux having taken out several patents;^ drawings are 



given in the preceding edition. The principle involved is, however, of an earlier 
origin than is generally supposed. KerP states that such a pot was already in 
use in 1873 at Schemnitz, Hungary; Painter^ reports its use at Stolberg, Prussia, 
at the same date, and Vivian^ as early as 1846 tapped the liquid slag from cones 
placed on the dump and saved the sculls, which alone were resmelted. 

1 U. S. Patents, No. 312439, Feb. 17, 1885; No. 335114, Feb. 2, 1886. 

2 ‘‘Grundriss der Metallhiittenkunde,” Felix, Leipsic, 1881, p. 100. 

® ‘^Report on the Metallurgy of Lead, Silver, Copper, and Zinc at the Vienna Interna- 
tional Exhibition of 1873,” Washington, 1875, P- 6 i- 

* Eng. and Min. J., 1881, xxxi, 249. 
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At the Omaha and Grant Works, Denver, Colo., Livingstone put this princi- 
ple into operation on a large scale.^ The resmelting of slag-shells has been found 
to be unprofitable as long as the settling of matte has been well attended to. 



Figs. 240 and 241. — Positions of two fore-hearths in series between blast furnace and 

waste-slag car. 

With the increase of size of furnace and of matte produced the older catch- 
pots have had to be replaced by larger receivers which have taken the form of a 
fore-hearth. The position of a single movable fore-hearth between the blast 
furnace and the waste-slag pot is shown in Figs. 239 and 239a.® The fore-hearth, 

^ Austin, Bng. Min. J., 1S9S, ix, 490. 

* Drawing of Colorado Iron Works, Denver, Colo., 1900. 
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built, of cast-iron plates bolted together, is intended for a small furnace; it is 4 
by 5 ft. and 2 ft. deep inside the castings, and is lined with ordinary red brick. 
It receives the slag-matte from the blast furnace at one end and collects the 
matte, while the slag overflows at the other into a tilting waste-slag pot with 
bowl 5 ft. in. in diameter; the matte is tapped at intervals into a receiver. 
It will be noted that the tracks for the fore-hearth and the waste-slag pot are 
placed at right angles; both are 36-in, gauge. 

With the practice recently inaugurated of allowing slag-shells to go to the 
dump instead of resmelting them in the blast furnace to collect their values 
more attention has been given to perfect settling than used to be customary; 



Figs. 242 to 251. — Fore-hearth, Colorado Iron Works, Denver, Colo. 


hence the tendency at present is to have two brick-lined fore-hearths in series 
instead of one. Such an arrangement is shown in Figs. 240 and 241. The slag- 
matte is tapped into the first brick-lined fore-hearth which is by ft. and 
23^^ ft. deep outside; it has an arched roof, a lead-tap on the brick floor, and a 
matte- tap in. higher up. The entrained lead is tapped into a cast-iron slag- 

pot, and the matte into a cast-iron brick-lined receiver which overflows into a 
Kilker matte-car (§119). The slag-matte, which has dropped most of the matte 
in the first fore-hearth or settler, flows over a bridge of fire-brick into the second 
lined settler which is 10 ft. long, 4% ft. wide at the top and 3% ft. at the bottom, 
and ft. deep outside. This also has an arched roof, a matte-tap at one end, 
and a slag-overflow spout at the other which delivers into a waste-slag pot, 4% 
ft. in diameter. Above the matte-tap is placed an oil-burner to correct any 
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cooling of the slag. In the drawing the two settlers are placed at right angles 
to one another; ordinarily one follows the other in a straight line. 

A detailed drawing of a fore-hearth constructed by the Colorado Iron Works, 
Denver, Colo., is shown in Figs. 242-251. The hearth, 5 ft. 4I4 in. long, 3 ft. 
4^^ in. wide, 2 ft. 4^^ in. deep outside, has a i^^^4-in. bottom-casting, i-in. side- 
and end-castings strengthened by i-in. ribs; the bottom has up-turned i-in. 
borders do receive the side- and end-plates; at the corners bottom-, side-, and 
end-plates are fastened together by means of >s-in. bolts. The hearth has two 
pairs of wheels with 2-ft. 6-in. centers running on a 3-ft. p^-in. gauge track; 
the slag-overflow is at one end, and the matte-tap in the middle of one side. 
The brick lining is shown to be 9 in. thick. Such a heavy lining is appropriate 
when making matte and slag which do not incrust the hearth. With the 
zincky ores smelted at present imder conditions which require, for economic 
reasons, slags running high in SiOo and CaO, the life of a fore-hearth is too short 
to warrant putting in a 9-in. lining. In some instances a fore-hearth is ex- 
changed every 24 hr., in others once every 2 or 3 days; the latter is the more 
common figure. With two fore-hearths in series, the first will be freed from lead 
and matte through two tap-holes; the second does not contain any lead. The 
bottom-lining of the first hearth becomes very tough on account of the lead that 
is present; it may require drilling and blasting. The bottom of the second 
fore-hearth is easily broken by dumping; the larger pieces are then passed 
through a crusher. 

Before lining a fore-hearth, a ladle of waste slag is poured in to close the 
Joints between the bottom- and the end- and side-plates; on top of the slag is 
laid a flat course of red brick (bats) in ordinary mortar; the sides also receive 
only a flat course. The space surrounding the matte-tap is bricked up. It 
ought to be stated that in ore-smelting it is not absolutely necessary to line the 
sides at all, but it is safer. In matte-smelting a lining is indispensable. 

A re-lined fore-hearth is dried and warmed by burning in it cord wood for 
about 24 hr. When it has been put in place, and matte is run in, cord wood 
is kept burning on the rising slag, and the hearth is kept loosely covered with 
pieces of sheet iron; on the discharge-spout wood is kept burning to counteract 
the cooling effect of the air. 

A fore-hearth is tapped clean before it is exchanged. 

A fore-hearth with continuous slag- and matte-discharges was in operation 
at Nelson, B. C.,^ but has not found use elsewhere. 

In a Reverberatory Furnace the separation of matte and slag was first carried 
out by Rhodes in Leadville, Colo.,^ and later by lies in Denver, Colo.® It was 
in use at El Paso, Texas, ^ and is in operation at Mapimi, Mexico® and perhaps 
other places. 

1 Harris, Eng. Min. J., 1906, Lxxxi, 178; Can. Min. Rev., 1906, xxvr, 142:- 
Hedley, J. Can. Min. Inst., 1906, nc, 58. 

^ Kloz, Eng. Min. J., 1897, ixm, 358. 

2 lies, op. ciL, 1899, xxvm, 695. 

■* Vail,,o^. cit., 1914, xcvni, 465. 

Easter, Tr. A. I. M. E., 1915* 7i6. 

* Rice, Emg, Mm- J-s wgoBf aacxxvc, 373. 
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Fig. 254 SECTION .4-^ 

Figs. 252 to 254. — Reverberatory matte-separator. 
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In Figs- 252-254 are given a horizontal and two vertical sections of a modern 
reverberatory settling furnace. The hearth, 22 ft. 2 in, by 12 ft. 8 in. and 3 ft. 
deep, has a capacity of about 860 cu. ft. which corresponds to about 150 tons 
slag. It is fired from a grate, 5 ft. 2 in. by 3 ft. ; the gases, on leaving the furnace, 
rise in a vertical flue, placed on the center line, and then pass into a horizontal 
flue which ends in a chimney, 2 ft. 6 in. square. The hopper-shaped in-pour, i ft. 
3 in. square at base, is placed near the gas-flue; two slag- taps with water-cooled 
tapping-blocks are on one side near the firebridge, and two similar matte-taps 
on the other side near the flue. The center of the slag-tap is about 18 in. 
above the brick bottom, that of the matte-tap about 15 in.; the lead-tap (not 
shown) is level with the bottom at the deepest point. The foundation is slag- 
concrete (5 parts slag 2 in. and under, 3 sand, i cement). On top of this are laid 
I -in. cast-iron plates, followed by vitrified brick laid in cement, by fire-brick 
concrete (4 parts ground brick, 2 fire-clay, 1.5 cement), and by a full course of 
fire-brick which forms the working bottom. The roof is of fire-brick, 9 in. thick ; 
the firebridge, 36 in. thick, is cooled by si.x 2-in. water-pipes placed in three 
rows toward the side of the hearth. The furnace is encased with i-in. cast-iron 
plates braced by 7-in. 15-lb. I-beams tied top and bottom by 1.5-in. rods, the 
bottom-rods passing through 2.5-in. pipes. 

The slag-matte arrives in pots traveling on an overhead track. From 45 to 
60 min. is allowed for settling; the slag is tapped into bowl-shaped waste-slag 
pots of 55 cu. ft. capacity; the matte into a train of cast-iron molds, 2 ft. square 
and 5 in. deep. The furnace requires coal about i per cent, the weight of 
the slag treated, and the attendance of four men per shift. 

The work of the furnace is satisfactory with a slag that is not too heavy and 
does not contain too many impurities. With zincky slag and with a charge 
making much speiss there is trouble ahead, as the zincky matte or mush floating 
between matte proper and slag will not flow, and as speiss settles on the bottom 
and often freezes at the tap-hole. 

The experience at El Paso, Texas, with a reverberatory settler, recorded by 
Easter^ is of considerable interest. In a furnace, with a hearth 14 by 25 ft. 
and a slag-matte bath of 3 ft. depth, the slag-tap was about 28 in. above the 
brick bottom, the matte-tap 15 in., and the lead-tap flush with the bottom. 
The furnace was at first coal-fired; later, oil-burners, pointing downward, were 
introduced through the fire-box, but were finally transferred to the roof of the 
furnace and played from each corner downward on to the charge. About 20 
bbl. oil were burned per day. The furnace received the slag-matte in slag-pots 
filled at the blast furnace and transferred by hand to the in-pour. The work 
was satisfactory with clean materials, and the matte, being granulated (p. 273), 
was cheaply prepared for subsequent blast roasting. The slags from the blast 
furnace assayed Ag 0.7 oz. per ton, Pb i.io per cent, wet and 0.51 dry; an aver- 
age analysis of the slag from the settler gave SiOs 3^-2, FeO 30.1, MnO 4.0, 
CaO 22.9, AI2O3 5.4, ZnO 2.8, Cu 0.23, Pb 0.83 wet and 0.51 dry, Ag 0.6 oz. 


Tr. A, /, if. E, 1915, in, 716, 
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per ton. The matte produced averaged^ Pb, 12.9; Cu, 19.6; Fe, 31.5 per cent, 
and Ag 125.8 oz. per ton. With changes in the character of the blast furnace 
charges there occurred troubles owing to speiss and zinc-mush, both requiring 
an increase of fuel in order to keep the settler in working condition; but even 
with higher temperatures it became filled with mush as quickly as would an 
ordinary fore-hearth. Feeding scrap iron^ to decompose ZnS, when the liber- 
ated Zn will burn off, helps matters, but does not cure them. The only way 
to get rid of the mush was to allow the matte to accumulate until it had raised the 
mush sufficiently to permit raking it out through a port cut for this purpose. 
It was found that leady copper matte ran higher in Pb after leaving the settler 
than when it came from the blast furnace, it having taken up Pb from the bath 
on which it was floating. The difficulties with the settler became so great that 
the following method of working was adopted; A blast furnace is provided with 
a removable cast-iron box, 2 ft. 6 in. by 9 ft. 2 in. and 2 ft. deep, lined with 4.5-in. 
magnesite brick, which serves to collect lead when the well is choked; the fur- 
nace is connected with the box by a short water-coil spout. The slag-matte 
overflows through a similar spout into an oblong fore-hearth, 10 by 20 ft. in- 
side. This is built into an iron pan which stands on rails running cross-wise, 
is lined at the sides and ends with 9 in. of magnesite brick, and has a removable 
roof composed of rail-bound fire-brick arches. Heat is supplied through two oil- 
burners on the center line of the roof, 6 in. back from the front, which require 7 
bbl. oil per day; a small stack near the inlet withdraws the gases. The normal 
depth of the bath is 25 in.; of this 10-12 in. is taken up by matte, as it was found 
that such a mass of matte assisted in keeping the fore-hearth in good condition. 
The waste slag overflows into slag-cars; the matte is tapped intermittently 
into converter ladles. A composite sample of slag-shells produced in 5 days 
gave: Au trace, Ag 0.64 oz. per ton, Pb 1.46 and Cu 0.30 per cent.; and the 
daily 24-hr. sample assayed Au trace, Ag 0.30 oz. per ton, Pb 1.24 and Cu 
0.24 per cent., showing that the separation of matte and slag was satisfactory. 
The average analyses of a month’s products showed: Slag, Si02 33-7, FeO 
27.9, MnO 1.4, CaO 22.9, ZnO 4.6, AI2O3 5.2, Pb 1.50, Cu 0.15 per cent., 
Ag 0.6 oz. per ton; matte 8 per cent, of charge, Fe 42.1, Pb 12.1, Cu 19.8, 
Zn 4.6, S 21.4 per cent., Au 0.04 and Ag 87.8 oz. per ton; lead bullion 15.7 
per cent, of charge, Au 3.24 and Ag 247.6 oz. per ton. There were 2.2 per cent. 
S on the charge; the coke used was 14.2 per cent. A typical analysis of the zinc- 
mush sometimes floating on the matte is: Insol. 6.6, Fe 19.0,- CaO 3.4, 
Zn 24.3, S 21.0, Pb lo.o, Cu 4.6 per cent. 

At Mapimi^ an 8o-ton reverberatory settler receives the slag-matte from 5- 
ton ladles, one to a blast furnace. A ladle has a bail attached to the trunnions 
which serve as gliding planes when the ladle is lowered on an inclined track by 
means of a crane into position under the slag-spout; When filled with slag- 
matte, the ladle is pulled up the incline, transferred to a trough leading into the 

^ Vail, Eng,. Min. 1914, xcviii, 468. 

® Editor, Met. Chem. Eng., 1907, v, 40. 

3 Rice, Eng. Min. J., 1908, lxxxvi, 373. 
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settler, and emptied- The advantages claimed for this arrangement are that 
the furnace is always accessible, that partial settling takes place in the 5-ton 
ladle, and that the amount of fume arising near the furnace is greatly reduced. 

1 19. H^dMng of Matte.- There are in operation three methods of disposing 
of the liquid matte when it is tapped from a fore-hearth or a reverberatorv set- 
tler. It is collected in suitable molds and allowed to solidifv, in a receiver and 
granulated, or in a ladle and transferred to a converter. 



Formerly matte was collected in slag-pots. With small quantities of matte 
containing 3-5 per cent- Cu this is' satisfactory, as such cakes disintegrate quickly 
when exposed to the air, and are easily broken. Concentrated matte, with. 30 
per cent. Cu and over, does not readily fall to pieces; it is tough and the breaking 
is a tedious piece of work. The slag-pot has therefore been replaced by flat 
molds. A simple form of cast-iron mold is given in Figs. 264 and 265. 
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As cast iron is readily attacked by hot matte, a mold has to be clay- washed 
before every tap, and care must be had that all water has been expelled from 
the clay by the heat of the mold before this receives any matte, as other- 
wise explosions are likely to occur which may scatter shots of red-hot matte 
in all directions. Cast-iron molds are likely to be short lived on account of 
cracking. 

The Richards mold, given in plan and section in Figs. 255 and 256, is an 
improved form. It consists of a steel-plate pan bolted to one of cast iron which 
carries a cast-steel ring. The mold has a capacity of 7.58 cu. ft. and holds 
therefore a little over i ton of matte when filled; the cake is 4 ft. 9 in. in diameter, 
4 in. thick at the sides and 7 in. at the center. 



In order to do away with the necessity of breaking the cake of matte by 
hand, Kilbowen^ depressed into the hquid matte for a few seconds a star- 
pointed casting which had been clay-washed, removed it to allow the thin coat of 
adhering matte to solidify, and then depressed it again leaving it in position for 
12-14 min. until the matte had solidified. After removing the star, the cake Of 
matte was hoisted from the mold and transferred to a heap where, cooling 
quickly, it would crack along the thin walls made by the star, and furnish 
pieces that could be easily handled. 

At the Selby Works^ the matte mold is an oblong pan made of pressed steel; 
details are given in Figs. 257-259. In order to prevent the impact of a stream 
of matte from attacking the steel, the mold is charged with one or two shovel- 
fuls of crushed matte before it is to be filled. Two molds are placed across the 

^ Eng. M^in. J., 1910, xc, 1005. 

^ Bennett, Eng. Min. J., 1908, ixxxv, 252. 
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track represented in Figs, 260-262, which is built of mild steel or wrought iron. 
It has on each side, two loops into which are inserted hooked bars 8~io ft. 
long to move the car. The manipulation of the cars in front of the fore-hearth 
is shown in Fig. 263. There are provided two tracks, 5 ft, apart, with turn- 
tables at the ends and a crane at one end to handle the filled molds. 

A string of connected molds has been used by Tudor ^ to prevent slopping 
when an empty mold takes the place of one which has been filled. 



rst' Siandarcl 10 Wheels acd 
Makii Track of Slild-Stee', or 


Figs. 260 to 262. — Truck for steel matte-molds, Selby Lead Works. 

The Rhodes mold is probably the first constructed which had its own car. 
Figs. 264 and 265. It was used by him” at the Arkansas Valley Smeltery, Lead- 
ville, Colo., in connection with the reverberatory settling furnace, and has found 
favor at other plants. 

The Kilker matte car^ is found in several smelteries. Its position with 
reference to a fore-hearth is seen in Figs. 240 and 241. A vertical section of the 
car is given in Fig. 266. The car consists of a rail or I-beam frame mounted 
upon square axles provided with 12-in. car-w^heels mounted on roller-bearings. 
The frame carries a cast-iron center-piece supporting a steel pin over which 
is slipped a cast-iron spider. This forms a revolving table which carries 16 

1 O^. cit., 1909, nxxxvm, 128. 

® Braden, Tr. A. I. M. E., 1S96, xxvi, 46. 

® Havard, Eng. Min. J., 1909, ixsocvn, 1294- 

^ Perkins, World, 190^, xxxi, 314. 


J cTv — ^ ' ' I ® 
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flat tilting sectoral molds, each holding a cake of matte which is 4 in. thick and 
weighs about 200 lb. The weight of the car with its molds is about 6000 lb. 



In the more recent models the spider 
is a steel casting with 16 sectoral 
frames which hold the molds. In 
the drawing chains prevent the 
molds from tilting too far when 
they are being turned over; in the 
later machines a wrought-iron yoke 
travels around the pin, and the mold 
strikes against it when it is being 
dumped. The fore-hearth from 
. which the matte is to be tapped has 
a curved spout so that the tapper 
^ can enlarge or close the tap-hole 
while the matte is flowing. At some 
works the matte flows from the 
fore-hearth into a small brick-lined 
CO cast-iron box on wheels, which has 
52 the curved spout. When the matte 
V is to be tapped, the car is run under- 
S neath the curved spout, the tap-hole 
^ opened, and the spider slowly rotated 
g with a hooked bar. The matte thus 
« runs successively into the pans as 
I they pass along, filling them in part 
during a revolution of the spider, 
bo When the tap-hole is closed, the 
"I molds will have been filled with thin 
layers of matte, which are easily 
j broken. A filled car is hauled to 
•0 the yard, where the matte cools 
^ sufl&ciently in about 30 min. to 
allow dumping the molds with a 
chisel-pointed bar. The tilted hot 
molds are clay-washed, returned to 
their horizontal positions, and the 
car hauled back to the fore-hearth. 

The cakes of matte have to be 
crushed before they can be roasted 
or blast roasted. The cakes are 
broken with sledges to sizes suited 
for a rock breaker. This discharges 


into rolls, set to in., which deliver the matte either directly into a trommel 


with J^-in. holes or first into the boot of a bucket eleva,tor. When much 
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crushing has to be done, there are used frequently two pairs of rolls, for rough- 
ing and finishing, so as to expedite the work. 

As this method of comminuting matte is expensive, unsanitary on account 
of dusting, and connected with loss from the same cause, Granulating has 




taken the place of crushing in a number of plants. In granulating matte, it is 
essential to have a thin stream, to have water running from one, or preferably 
two flat nozzles at a pressure of 60-100 lb., and to have suflBcient settling ca- 
pacity to collect the granules as well as the slime that is formed. The size of 
18 
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granules may not exceed H in., as otherwise they do not roast satisfactorily. It 
was once held that granules of lead matte were hollow and decrepitated upon 
heating, but this is not generally the case. Considerable care has to be had in 
granulating, as there is much danger from explosion, which according to Hutch- 
inson^ is due to the low degree of diffusivity (velocity of temperature-change), 
which is the ratio between thermal conductivity and specific heat. In granu- 
lating, the man who regulates the flow of matte stands behind a screen to be 
protected from spattering matte. 

Lead matte used to be granulated at the American Smelter, Leadville, Colo,^ 
The plant consisted of three wooden tanks lo ft. long, 5 ft. wide, and 6 ft. deep 
filled with water up to 10 or 12 in. from the top. They were used in rotation, 
two being in constant use, while the third was being cleaned up. The water 
from the granulating tanks overflowed into a settling tank; the amount of 
slime caught was small. For cleaning up, each tank had a number of openings 
in one side, to discharge the water, and a gate in one end to remove the granu- 
lated matte. At the head of a tank, just below the top, was placed a 2-in. 
pipe, flattened out at the end to throw a thin, wide stream of water, the pressure 
of which ranged from 25 to 30 lb. per sq. in. The matte was either tapped 
from a settling pot or poured from an ordinary slag-pot. In the latter case 
iron bars were placed over the granulating tank in order to prevent the shell 
from falling into it and causing violent explosions. The thin stream of matte, 
striking the water issuing from the nozzle, was scattered into droplets and chilled 
before it fell into the water. 

Another plant working on the same principle under a pressure of 80 lb. 
had two granulating tanks, 12 ft. long, 4^ ft. wide, and 2 ft. deep, discharging 
into one settBng tank 12 ft. long, 9 ft. wide, and 2 ft. deep, which had near the 
discharge end a canvas partition to prevent any float-matte from being carried 
off. 

The J. MacArthur granulating trough (§120) also does satisfactory work 
with matte and makes no float-matte. 

At Humboldt, Ariz.,^ copper matte is granulated with water which is deliv- 
ered from a 4-in. pipe into two 3-in- pipes under a constant pressure of 60 lb. 
per sq. in. 

At El Faso, Texas, ^ the lead matte from two reverberatory settlers, used 
alternately, was granulated until direct converting replaced the older method 
of treatment. The two settlers were placed end to end at a distance of 16 ft. 
and 100 ft. from the line of blast furnaces. The granulating plant of one of the 
settlers is shown in Figs. 267—269, and the detail of matte spouts and water- 
nozzles in Figs. 270-275. The matte (Pb 12.9, Cu 19.6, Fe 31.5 per cent, and 

Eng. Min. J., 1909, ixxxvn, 1272. 

2 Bretlierton, Eng. Min. J., 1897, ixm, 43. 

3 Hallett, Colo. School Min.. Mag., January, 1914; Eng. .Min. J., 1914, xcvn, 374; Min. 
Science, 1914, rxrx, 57; Min. Sc. Press, 1914, cvm, 296. 

* Vail, Eng. Min. J., 1914, xcvm, 465. 

Taster, Tr. 4 .. J, M- E., 1915, rn, 722, 
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Fig. 269 

Figs. 267 to 269. — Matte granulation, El Paso, Texas. 



NOZZLE DETAILS 

270 to 275. — details of matte-spouts and water-nozzles, El Paso, Texas. 
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^ g oz- tapped through a water-cooled spout into a lined cast- 

^i^’s ^ ft. 8 in. by 6 ft, 2 in., which served as a trap for metallic lead. The 
' 1,^5 ’two cast-iron spouts which conducted the matte to the granulating 
The two streams of matte were each cut by a double spray of water, 
nit. ■*' 



1/ in. in. thick, issuing from i>2-in. pipes at a pressure of 100 

lb sq- i^* granules were collected in a pit constantly filled with water, 
ked with hoes, wheeled to railroad cars, and hauled to the Godfrey fur- 
naces of Huntington-Heberlein plant. The overflowing granulating water 
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passed through settling tanks. In roasting, no difference was noticed in the 
behavior of granulated from that of crushed matte. 

At Herculaneum, Mo./ a plant for granulating loo tons matte per day went 
into operation on March i, 1915. The matte from four blast furnaces is col- 
lected in movable fore-hearths, 6 by 4 ft. and 22 in. deep, tapped into 6-cu. ft. 
iron ladles, transported by a 5-ton overhead electric crane, poured into a barrel- 
shaped rotating receiver of boiler iron, and granulated from this by two super- 
posed water jets; the matte-granules are collected in a pit and transferred by 
means of a dewatering drag-conveyor to a car. Figs. 276-280 show the details. 
The receiver, 77 by 120 in. inside, is lined with 9 in. of magnesite brick, and ro- 
tated from a 50-h.p. motor. It has at each end a 20-in. opening. -A.t one end 
are two oil-burners for keeping the matte fluid; they are served by air under a 
pressure of 30 lb. per sq. in., and consume in 24 hr. 250 gal. oil of iS~2o^ Be., 
or 2-2.5 c)il per ton of granulated matte. It has been found necessary to 
have an oxidizing flame in spite of the fact that it has a tendency to o.xidize some 
of the Fe, which is likely to form a floating scum interfering with the pouring. 
At the other end is an i8-in. steel flue connected with the bag house. swinging 
hood covers the charge-opening and conducts fumes into the blast furnace flue 
leading into the bag house ; it is swung back w’hen a ladle of matte is to be poured 
into the receiver. The matte is discharged from the receiver through an opening 
2 by 8 in. over a spout delivering into a pouring-box of sheet iron lined with 
fire-brick. The box, iS by 36 in. and 18 in. deep inside, has at the front a 
slot, 2 by 8 in., delivering into a cast-iron spout which is slightly deflected in 
order that it may meet the horizontal jets of water at an angle of 70 or So". The 
end of the spout is 6 in. above and 12 in. in front of the upper water-nozzle. 
The matte builds up in the box, but leaves open a channel about 3 in. wide. 
The granulating water arrives under a head of 40 ft. in two 2-in. superposed 
pipes with nozzles by 3^'^ in., placed 5 in. apart; about 100 gal, water per min. 
are required. The stream of matte is so regulated that the upper jet of water 
breaks it, and that the lower cools the granules sufficienth’ that on striking the 
main body of water they are cool enough not to cause an e.xplosion. A stream 
of matte 23--^ in. in diameter, corresponding to 2.2 cu. ft. per min., has been found 
to work satisfactorily. If the stream is a little larger, the granules are too 
big; if a little smaller, the matte is likely to chill before it leaves the pouring- 
box. A hot matte furnishes finer granules of greater uniformity than one that 
is cool; with a good product, 75 per cent, wall pass through a screen with open- 
ings ill- diameter. A screen analysis shows: on in. — 50 per cent., on 

Me — 4 > 01^ y-'s — 14? on Mq — 35, through }iq in. — 42 per cent. The granules 
are collected in a concrete tank, 17 ft- long by 73^^ ft. wide, which has a floor 
sloping at an angle of 30° and lined with i-in. cast-iron plates; they are removed 
by a dewatering drag-conveyor, placed to one side and out of the line of the 
stream from the nozzles. The conveyor is driven at a speed of 30 ft. per min. 
by a lo-h.p. motor through tail and idler sprocket-wheels, both being under 
water. The conveyor runs in a sectional cast-iron trough, 15 in. wide and 4 in. 

J Lmdau-Smith, Tr. A. I. M. E., 1916, i-vi, ^71. 
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deep; drainage is assisted by notching the conveyor flights alternately in the 
center and at the ends to such an extent that the granules carry only about 5 
per cent, water. The overflow from the granulating basin passes through a V- 
shaped settling-box, which collects the coarser particles of the fines, and then 
travels through one of two series of connecting settling tanks, the last being 
provided with a filter of excelsior. Some lead settles in the receiver, is 
poured Into a ladle, and molded. Any lead going over with the matte is quickly 
noticed in that it spotters and dances on the surface of the water. ^ 

Granulation requires four men per shift for operating the receiver and the 
crane; it costs S0.75 per ton. The former method of comminution was, to tap the 
matte from the fore-hearth into slag-pots, to dump these after cooling, to break 
the cones of matte with sledges, and to transport the hand-broken material 
to the crushing division, where it was reduced to H-in. size. Hand-breaking 
and transporting cost $0.87 a ton, crushing and screening $0.56, making a 
total of $1.43: granulation therefore effects a saving of $0.68 per ton. 

Converting matte is discussed in §185. 

120. Handling of Slag. — Two methods are followed in disposing of the 
large amounts of slag made in a modern blast furnace; one is to have large 
receiving pots which are poured, the other is to granulate the slag either direct 
from the fore-hearth, or preferably from a receiving pot. Occasionally cakes 
of slag are allowed to cool on the dump, broken, and crushed to a size suitable 
for railroad ballast. Granulated slag frequently serves for the same purpose. 
Casting machines' are suitable, if the slag has to be resmelted, as they fur- 
ni.sh a product which is easily handled and well suited for furnace charges. 

I. Slag Curs.—Descriptions of a few typical %vaste-slag pots built by the 
Colorado Iron Works of Denver, Colo., may serve as examples. 

1. Spherical SelJ-dumping Pot . — The principal parts of this pot, shown in 
Figs. 281-283, are, a car, consisting of a steel frame wfith 12-m. wheels on a 24-in. 
track, and a central braking-mechanism; two hea\w cast-iron runways curved 
at the ends, which form the paths on which the segmental castings at the ends 
of the pot travel; a cast-iron self-dumping spherical pot, 41 in. in diameter, of 
9 cu. ft. capacit}' ( = i ton of slag), pivoted in such a manner that it will 
stand upright w'-hen empty, and tilt over w’hen filled with slag; an upright post 
with movable cross-piece which fits into a recess near the rim of the pot and 
holds it in its upright position. Self-dumping pots are simple in construction, 
cheap, and work satisfactorily, e.g., at Monterey, Mexico, when everything is 
in good order. If, however, through an accident the cross-piece holding the 
full pot in position becomes displaced, a serious accident may happen. This is 
the reason that most pots have a tilting mechanism which completely controls 
the dumping. 

2. Oral Slag-pot with Worm-gear , — ^The principal parts of this pot. Figs. 284- 
286, are similar to those of the preceding one. The frame is built of steel rails; 

1 Braden, Tr. A. I. M. £., 1896, xxvi, 51. 

Austin, Mm. Sc. Press, 1907, xciv, 282. 

Hofman, “Metallurgy' of Copper,’* ipiS, 316, 317. 
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the wheels are 17 in. in diameter, run on a track with a 36-in. gauge, and are 
provided with a brake mechanism. The frame carries at one end a cast-iron 
runway for a grooved trunnion wheel, at the other a rack which meshes with the 
lower sectoral pinion wheel attached to the trunnion, while the upper, having 
smaller cogs, forms part of the worm-gear which serves to tilt the bowl bv rotat- 
ing the shaft with a handle. The oval bowl, 5 ft. 63 ^2. in. in diameter and 2 ft. 
7M in. deep with a capacity of 25 cu. ft. holding close on to 3 tons of slag, is 



carried by and attached to a heavy steel band which is connected with the 
trunnions. The manner of tilting and righting the bowl is clearh' shown in the 
drawings. 

3. Elliptical Slag-pot with Releasahle Worm-gear . — The car, shown in Figs. 
287-289, carries an elliptical bowl, 7 ft. 2^^ in. by 5 ft. 8}^ in. and 3 ft. 6 in. 
deep with a capacity of 45 cu. ft. or 5 tons of slag. The main features are 
similar to those of Figs. 2 84-2 86; the principal differences are, that a single 
pinion engages with the rack and meshes with the worm-shaft 35 in. in length, 
and that the worm-gear can be released, if this is desired toward the end of a 
pour to hasten the operation. 

4. Double-howl Car . — ^The car, Figs. 290-292, has two large tilting-pots, 
A A, each having a capacity of 7.38 cu. ft., and holds about 1,280 lb. of slag. 
The car consists of a truck-frame, with platform, brake, c, and railing, d, 
by which the driver holds on. The frame carries the boxes, e. for axles,/, of 
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whec4s, g. Two bridge-beam.^, /?, lying transversely across the frame, a, serve 
as support for frame, //, which carries central pin-socket, m, in w'^hich pin, 
is made fast bv nut, n\ The swinging frame consists of channel-irons, i i (held 





END ELEVATION 


f hoht-pot hemoveo 
Fig. 291 

Figs. 291 and 292. — I>ouble-bowl car. 


apart by central blocks, j j, in which are the swivel-eye and end-blocks, j'f) 
and beams, k k (resting on the channel-irons); the latter have on their under 
side the bearings of trunnions, 1 1, of the tUting-pots, A A. These are pivoted 
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out of center, so that when in their normal posiiirm they may lean against stop- 
pieces, o. They are held in position by pawls, r, with disengaging handles, r\ 
which fasten into teeth, q, of the projecting head or collar, p, of the trunnions. 
This collar also has the holes, s, for operating-bar. f, with which the pots are 
tilted. The weight complete of truck and pots is 5000 When in their 
normal position the pots are placed as shown in Figs. 2S9 and 290. When they 
are to be emptied, frame, iikk, is swung go' on the swivel, the pots are 
emptied together on both sides of the track; or, if the slag is to be discharged 
only on one side, the frame is returned to its normal place after one pot has 
been tilted and the other swung into position. 

5. Illustrations of other ic'asf e-slag cars have been published hy Henrich,’ 
Bennetts and Jones,- Colorado Iron Works," Power and ^Mining IMachinery Co.p 
Shelby.® 

II. Slag-granulation. — This method of disposing of waste slag is not very 
common wdth lead smelteries. The principles involved are the same as those 
obtaining in matte-granulation. In carrying out the operation, there is required 
a larger amount of water on account of the greater amounts of materia! to be 
treated; fortunately there is less danger of explosion. 

The slag can be granulated as it flows from the spout of the fore-hearth: it is 
more frequentW collected in a waste-slag pot and granulated from this. The 
former method is not uncommon with copper smelteries, but is rarely found in a 
lead plant,® as it is desirable to have the furnace floor as free as possible from 
incumbrances, and as usually there is not enough fall available to have the 
granulating plant on a lower level. In the few instances in which granulating 
has been or is being carried on, the slag is hauled to a granulating division. 

The granulating plant of the former Hanauer Works, Salt Lake City, Utah," 
is shown in Figs. 293 and 294. Its essential features are a v.’ooden trough, u, 2 
ft. wide and 6 in. deep, inside measurements, the bottom of which is covered 
with cast-iron plates. A stream of water of considerable velocity running 

through it receives the slag, poured in from the top in a strear 
ameter, granulates it, and carries it off into a water-tight pit, h, from which - 
rubber bucket elevator, c, raises it 40 ft. into a storage bin large enough to holu 
the slag produced in 12 hr., say 100 tons, thus doing away with night-work in 
loading into the railroad cars, which carry away the slag to be used as ballast. 
The trough is placed underground at a pitch of in. to the foot and 10 ft. in 
front of the furnace building and parallel with it. The depth of the chute under- 
ground where it receives the slag is somewhat less than 3 ft., as if deeper the 
slag solidifies on the bottom. Near the face of the dump are chutes, covered 
by flanged cast-iron plates, one to each furnace, for discharging the slag into 

^ Tr. A. 1 . M. E., 1895, XXV, 97, Ducktown, Tenn. 

2 Op. cit., 1906, XXXVI, 223; Eng. Min. J., 1906, Lxxxn, 505, Tacoma, Wash. 

® Mining Reporter, 1906, Lrv, 168. 

* Eng. Min. 1906, ixxxi, 847; Iron Age, 1906, ixxv’ii, 1389, Garfield, Utah. 

® Eng. Min. 1909, txxxvii, 204, Cananea, Mexico. 

° Illustrations of such plant as atLaurium, Greece, are given in Collins’ “Lead,” 228. 

7 Terhune, Schod Min. Quart., 1893-94, xv, io8, supplemented hy private notes. 
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the trough. The water, which arrives in flume, d, is discharged at the side 
through closed horizontal box, e, into inclined box, /, which is open at the 
top. The amount of water required is 2,400 gal. per min. \ ery little steam 
is generated and hardly any noise is made, provided no matte is carried off 
vrith the slag, as matte coming in contact with water causes explosions. The 
cast-iron plates in the trough are worn thin in about 6 months. The elevator is 
driven by a 4-h.p. Leffel mining wheel. The belt, traveling at a speed of 250 
ft. per niin., is S in. wide and S-ply, and lasts about a year; the buckets are 
of malleable castings and have ^j^-in. holes in the ends for the water to drain 
off. The slag granules are small enough to pass a sieve; whatever parts 

they strike will be quickly worn out, if not protected by iron plates. 



Figs. 293 and 394: — Terhune slag-granulating plant, Hanauer Works, Salt Lake City, Utah. 

The IMac Arthur granulating trough, formerly used by the Canadian Copper 
Co., Sudbury, Ont., is shown in Figs. 295-301. The trough, a, is mounted on 
wheels so that it can be easily pushed to one side, 'when the movable fore-hearth, 
6, receiving the slag-matte mixture from the blast furnace, c, has to be exchanged, 
an operation taking about 10 min. The trough consists of two parts, the granu- 
lator proper, d, and the trough, e, which conveys the granulated slag to the 
mouth of an underground fl.ume (not shown) 50 ft. long, which discharges into a 
drainage-pit w’hence the slag is raised by means of a bucket elevator and emptied 
Into railroad cars. The granulator, d, consists of a trough-shaped casting, /, 
with side-flanges inclosed by a cast-iron jacket, g, of similar shape so as to leave 
a water-space, A, between them. To the upper end of the jacket is bolted the 
back plate with flanged spout, L Through the flanges pass bolts, 7, the joints 
being made irater-tight with rubber gaskets. The granulating water, which is 
the blast furnace water-jacket overflow, and has a temperature of about 65° C., 
enters the water-space at rises through the opening, 1^ and being deflected by 
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the spout, /, passes down under it in a thin stream. The slag flows in a similarly 
thin stream over the spout, i, and slag and water come into quiet and smooth 
contact, both flowing in the same direction. There is no steam, splash, or 
noise, and no danger of explosion. As the slag is not dropped into the water, it 
does not adhere to the trough-bottom and form a semi-liquid ball sure to ex- 
plode. The granulated slag is uniformly coarse. About loo tons of slag 
were granulated with 6o gal. of water per min., having a head of i6 ft.; but 




the capacity of the granulator is half as great again as this. The apparatus 
is also suited for granulating matte, if this is tapped into a receiver and poured 
in a thin stream on to the spout. 

Ordinarily slag is granulated by having a flat jet of pressure-water impinge 
upon a thin stream of slag as is usually the case with matte. At? the Mond 
Nickel Works, Victoria Mines, Ont.^ the arrangements for granulating slag and 
conveying the granules to the dump, shown in Figs. 302-305, were in operation 
before the plant was dismantled. The slag coming from the setting fore-hearth 
Hixon, Eng. itm. 1906, ixxxni, 553. 
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amount of fume. These have to be removerl by systematic ventilation. Usu- 
ally the roof of a charging floor has a ventilating monitor which may be provided 
with louvres, ^^lessiter’ states that wind blowing into a monitijr strikes the 
under side of the roof and, swerving downward, carries with it dust and fume; 
he suggests that monitor openings be equifipied with balanced swing-doors 
connected across the monitor by rods or other devices in order that when the 
doors on the wind-side are closed, those on the other will !)e open. In this 
way air laden with dust and fume will alvrays leave the building through the 
monitor but will never enter. 

For proper ventilation it is further necessarr to avoid strong horizontal 
currents of air which are likely to blow dust and fume away from their proper 
channels; the air becomes mixed with the dust- and fume-carrt’ing gases, dilutes 
them, and makes it necessary to handle larger volumes. It is therefore de- 
sirable to have partition walls which prevent air sweeping thr«jugh from side 
to side. 



The feed-floor of a blast furnace is usually built of hea%y planks. In time 
the joints become loose, especially those near the furnace, so that dust drops 
from the feed-floor, and fume rises from the furnace floor. A charging floor 
built of arches of corrugated galvanized iron covered with concrete is shown in 
Figs. 306 and 307." It is dust- and fire-pr*;of, and has given ccjmplete 
satisfaction. 

The furnace-floor of the older plants used to be filled more or less with dust, 
fume, and smoke. At Hoboken-les- Anvers,'" the pots collecting matte and slag 
are placed in a passage beneath the furnace floor. In the United States a 
wooden or sheet-iron hood, surrounding the front of a furnace and ending in a 
flue which rises through the feed-floor, delivers charged gases into the open. 
This is a partial remedy. Messiter^ has called attention to the necessity of 
collecting smoke as soon as it is formed, before it is diluted with air. This 
principle is now followed at most smelteries; the large hoods sercing to carry 
away fume which has not been caught at the source. 

The first successful device for withdrawing the fume arising in tapping matte 

^ Loc. cit. 

* Barbour, Eng. Min. 1914, xcviii, 1098. 

* Libert and Firket, Aw#. Min. Bdg.^ 1913, xviir, 484. 
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and slag is the Tapping-Hood of MessileE which was first used at Arkansas Valley 
plant, Leadvllle, Colo., and later at El Paso, Texas, and other places. The 



hood, shown in Figs. 30S-312, consists of a sheet-iron box, approximately cubical 
and open at top and bottom, which rests on a rectangular angle-iron support 
1 £mg* Mim. J., 1900, ugdc, 317, 
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having the sides closed with pieces of sheet iron provided with handies. The 
back of the box is extended to meet the jackets surrounding the tap-hole; the 





front has the form of a truncated pyramid with sides extending to near the back 
of the hood and converging toward the tap-hole. A pipe, 24 in- in diameter and 
35-40 ft. long, placed on the hood, furinsh^^ all the draft necessary to carry 
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the fumes. Across the front of the box lies a pipe to serve as a guide for the 
tapping-bar and plugging-rod. The angle-frame carries two swinging doors with 
i-in. slot intervening which permits the tapper to follow the rising of the slag 
in the pot. The work of the hood is astonishingly effective. 

At present similar hoods are placed everywhere around a blast furnace 
where fumes arise; the pipes from several hoods end in a main which is connected 
with an exhaust fan delivering dust and fume into a bag house. At Midvale, 
Ttah,^ the dust and fume collected monthly from four blast furnaces in a 
bag house amounted to 22 tons with an assay- value of Pb 42 and Zn 22 per 
cent. The collection of fume on the furnace floor is therefore not only a 
sanitary measure, but forms a profitable operation. 

This disposition of the collecting apparatus around a furnace at the Selby 
Lead Works has been shown in Figs. 197 and 198. 

The detail of another plant is shown in Fig. 313. The blast furnace (Figs. 
240 and 241) has a lead- well at the side and two fore-hearths in series at the 
front. The lead- well has a hood extending over the basin and spout; the hood, 
balanced by counter- weights, ends in a pipe which passes telescope-fashion over 
the stationary branch-pipe of the exhaust main. The fumes arising from the 
matte-pan, when the fore-hearth is being tapped, are taken care of in a similar 
way; the same is the case with the overflow from one fore-hearth to the other. 
The hood for the waste-slag pot covers the pot as well as the spout delivering 
the slag. The contrast of the atmosphere in an old plant and a modern pro- 
vided with proper ventilating facilities is striking to the eye; the diminution of 
cases of lead-poisoning is very evident, and, as shown above, the amount of 
fume recovered in the bag house pays for the cost. 

122. Blast Ftimace Plant. — So far there have been discussed the details of 
the roasting apparatus and operations, and the structural features of the blast 
furnace and its accessory apparatus. There remain to be considered the area 
of plant, power, light, ’water, etc., in one word, the engineering features, and the 
cost. 

The only new plant which has modern methods of handling materials is that 
of the Bunker Hill and Sullivan Mining and Concentrating Co. at Kellogg, 
Idaho.® The details of a modern smelting plant planned by H. V. Croll of the 
Traylor Engineering and Manufacturing Co., Allentown, Pa., for “Blank’’ 
will give an insight into the leading features and the cost of a smeltery meeting 
present requirements. 

I. Bunkar HiU SUver-lead Smeltery .^ — A plan and vertical section are given 
in Figs. 314 and 315; details of the Wedge roasting kiln and the Dwight-Lloyd 
sintering machines have been i^own in Figs. 169-171, and those of the blast 
furnace in Figs. 184 and 185. The plant, which has a capacity of 600 tons ore per 
day, covers an area of 30 acr^; it is built on a terraced site. The ores are sam- 

^ Private notes, June, 1916. 

® Editor, Eng. Min. J., 1916, ci, 868, plan, dimen^oned. 

Lalmrtiie, Mm. Se. Fr«w, cxiv, iss- 

* I>cs%Ewd % Bradfey, Broff, aaaKdljiJMurtlie, EBawisoc^ 'CM- 
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pled, roasted and blast roasted, and smelted; the lead bullion is desilverized by 
the Parkes process; and the dore silver parted with sulphuric acid. 

In the center of the slope and at the east end, ores and concentrates, arri\’ing 
in cars, are delivered into 12 receiving primary bins from which they are trans- 
ferred by belt conveyor to the 

Crushing and Sa^npling Department . — This has a capacity* of 50 tons per 
hr.; it is equipped with a 10- by 20-in. Blake crusher, two sets of 36- by 14-in. 



rolls, one set of 12- by 12-in. roUs, a 48- by 72-in. trommel, and four Vezin sam- 
plers. The sampled ore is transferred by belt conveyors to eight storage-bins 
provided with apron feeders to regulate the proportions that are to be fed 
to a belt conveyor delivering to the storage- and mixing-bins of the single Wedge 
roasting-kiln and the four Dwight-Lloyd sintering machines. 

Roasting Department . — ^The building, 112 by 57 ft., of steel construction, 
contains one 21 ft. 6 in. Wedge roasting kiln and four 42-m. standard Dwight- 
Lloyd sintering machines, shown in Figs. 169—171. The Wedge furnace 
rough roasts high-S ores and matte, the Dwight-Lloyd machines blast roast 
mixtures that are to be smelted in the blast furnaces. The product of the 
Wedge furnace goes into the Dwight-Lloyd charges. Both furnaces receive 
tbrfr charges throng belt conveyors and automatic trippers in large stora^ 
beepers; the gas^ pa^ throu^ an i^evat^ balloon 9 ft* ^ in. in diameter 
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and 400 ft. long, into a Cottrell precipitator having a capacit3' of 60,000 cu. ft. 
gas per min. The product of the Dwight-Lloyd machines is collected in hopper- 

bottom steel cars and 



unloaded into concrete 
charge-bins. There are 
provided 24 charge-bins 
at the west end of the 
plant, each with a capac- 
ity of 3400 cu. ft.; of the 
bins, 8, built of concrete, 
are for roasted material; 
8 , built of timber, for 
limestone, crude ore, slag, 
intermediary products, 
etc. ; and 8, also of timber, 
for coke. Each bin has 
two discharges provided 
•with arc-gates ; under 
each gate are hopper- 
scales of 4 tons capacity. 
The weighed charges are 
held in the hoppers until 
they are delivered to the 
blast furnace charge-cars. 
Beside the 400 tons coke 
held in the 8 bins, there 
is pro'vided back of the 
charge-bins a storage 
place for 3000 tons coke. 

Blast Furnace Depart- 
ment . — The building, 80 
by 216 ft., is of steel con- 
struction. It is provided 
■with a 20- ton 4-motor 
traveling crane which also 
serves the refinery; con- 
tains three blast furnaces, 
42 by 180 in., with under- 
floor down-takes, shown 
in Figs. 184 and 185. 
The charge-cars are 
hauled by 4-ton electric 


locomotives to the feedr 


floor, and bottom-<fediiti®eA .Tlie foire-lieartiis,^ of .cast-steel, ' are handl^ 
by memm oi the ccaiie; tl» fesi^ m}is. Ick ti^ lead; INffion .are 
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by the crane to the refinery; the waste slag goes in steel collecting pots of 
130 cu. ft. capacity to the dump; a skull-breaker reduces the return-slag 
to suitable size; the gases enter a settling-flue which delivers into a main 
flue, 600 ft. long, whence they pass into the fan house. This contains two 
electrically-driven fans, each of 60,000 cu. ft. capacity, one being held in 
reserve. The fan forces the gases into a bag house, 56 by 130 ft., of brick 
and steel construction. Beneath the thimble-floor are 12 bays; above it three 
chambers, each with 400 bags. Lea\flng the bag house, the gases are carried 
off by a stack 15 by 200 ft. 

Pou'er Plant . — This is housed in a brick and steel building, 35 by 40 it. It 
receives an alternating current at 2200 volts. Blast is furnished by two 
Ingersoll-Rand turbo blowers with a capacity of 12,000 cu. ft. air per min. at 
a pressure of 48 oz. per sq. in. ; the blowers are geared to two General Electric 
200-h.p. induction motors. Two 75-kw. motor generator sets furnish the 
direct current for the trolley locomotives and electric cranes; one motor serves 
as an auxiliary unit. 

General Equipment . — This consists of a brick assay-office and laboratory 
building, 46 by 46 ft., a ware-house, machine-shop, dry-house, office, high-pres- 
sure fire-system, complete electric system, and sewerage. 

Refining Department . — It forms an extension, 105 by loS ft., of the blast 
funace building; contains two 8o-ton softening furnaces, and four 50-ton 
desilverizing kettles, both served by the 20-ton crane of the blast furnace 
department; two 8o-ton refining furnaces, 10 ft. below the kettles; and four 
merchant-kettles, from which the lead is raised by centrifugal pumps into ^liiler 
molding machines, Figs. 599 and 600, The zinc-silver crusts are treated in 
the silver-gold refinery, a brick building, 60 by 82 ft., which contains eight 
Faber du Faur retort furnaces, two cupelling furnaces, one silver-refining fur- 
nace, and a sulphuric-acid parting plant. The silver sulphate is decomposed 
with metallic copper, and the copper sulphate solution concentrated and crys- 
tallized in the copper sulphate building. 

2. Blank Silver-lead Smeltery . — ^The outlines of this plant intended to 
treat 300 tons sulphide lead ore in 24 hr. are given in Figs. 316 and 317. The ore 
arrives on the upper track, is weighed and unloaded on to a belt conveyor 
which delivers it to the crushing and sampling division. The sampled ore is 
conveyed in a similar manner to the receiving bins of the oil-ignited Dwight- 
Lloyd 42-in. sintering machines, from which a conveyor-incline carries the 
blast roasted product to the sintered-ore bins. In line with these are the bins 
for coke and limestone. The charges, made up from the bins, are hauled to the 
feed-floor of the two blast furnaces, 42 by 128 in. at tuji^res, which are similar 
to those of Northport, Wash., shown in Figs. 180-183. The lead bullion goes 
to the dressing plant; the cakes of matte are broken from a boom-derrick; the 
fore-hearths, hauled to the dump, are handled from an overhead crane; waste- 
slag cars are conveyed to the dump and poured; waste gases from the blast 
roasting division pass into a baloon fine and are cleaned in a Cottrdfl precipitat- 
ing plant before 'they are icanied .off hy the stack. Hic plan shows the loca- 
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Fig§. 316 and 317 —Blank silver-lead smeltery. 
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tions of the buildings for the power plant, machine- and blacksmith-shops, store- 
house, oil- and air-tanks, general and assay offices. The plant w'as estimated in 
1916 to cost, erected and complete, $268,735 about $800 per ton per day. 
On account of the advance in cost of labor and materials, it is ad\dsable to 
add from 10 to 20 per cent, to the estimate. The details of the estimate are 
as follows: 


Smeiting Department: 

2 furnaces same design as Northport Smeltingand Refining Co.’s 
42X128 in. at tuyeres, 32-in. side- jackets, same height, etc., 

at 130,000 lb. ($11,500.00) 

4 settlers or fore-hearths, same design as Northport, at 16,000 ib. 
($700.00). 

j8 matte trap's at 2,500 lb 

4 matte tray trucks at goo lb 

12 1^4-cu. ft. pots R. B- wheels for lead 

2.000 Ib. B.D. furnace steel 

2 24-in. wind gates 

Total weight and price f.o.b. factory 

Freight to New York 

Packing 

Erection 

Building 55X120 ft 

Total 

800 cu. ft. brick in each crucible (42,000) 

36.000 red brick for furnace above jackets 

Erection 

Total f.o.b. New York 

Sampling Plant — Building 40X 78 ft.: 

I 10 X 20-in. jaw crusher, manganese 

I set 36Xi6-in. rolls 

3 36-in. Vezin samplers, single 

I conv^eyor between crusher and rolls, 16 in.X3o ft 

I conveyor between rolls and sampler, 16 in. X 20 ft 

I B. & B. elevator 8 in.X36 ft 

I set i8Xio-in. rolls 

I sample grinder No. i 

I bucking plate and muUer, 36X36 in 

I incoming belt conveyor, 20 in. X 200 ft 

I outgoing belt conveyor, 16 in. X 280 ft 

Transmission 

Belting 

I motor, 100 h.p 

Weight and price f.o.b. factory 

Freight to New York 

Packing ’ 

Erection 

Building 40X78 ft. 

Total. 


260,000' Ib. 

64.000 lb, 

45.000 Ib. 
3,6^00 Ib. 
4,Soo lb. 
2,000 Ib, 
1,10c Ib. 

$23,000.00 

2.500.00 

2.250. 00 

400.00 

720.00 

150.00 

150.00 

380,500 Ib. 

$29,500.00 

575 

554.00 

1,146.00 

13.000.00 

$ 44 .,7 75 - 00 

210,000 Ib. 

$840 . 00 

144,00c lb. 

360.00 

354,000 Ib. 

$1,200 .00 

725 ._oo 

$1,925.00 

20,000 Ib. 

$1,200.00 

31,500 Ib, 

2,450-00 

3,600 ib. 

600.00 

3,000 lb. 

300 . 00 

2,000 Ib. 

200.00 

3,000 lb. 

250.00 

7,000 lb. 

805 . 00 

500 lb. 

125.00 

350 lb. 

25.00 

4,000 Ib. 

2,000. 00 

5,000 Ib. 

2,800.00 

15,000 lb. 

1,000. 00 

5,000 lb. 

1,500. CO 

5,600 lb. 

X, 600. 00 

ioSjSSo ih. 

$14,855.00 

170.00 

208.00 

756.00 
4,500.00 

$^^^489.00 
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Power Pkni, BmMin§ 55 X85 ft.: 

2 Xo. 7 Roots blowers. 44»ooo lb. 

2 engines, 105-h.p., Tangye automatic cut-off, Erie engine 
complete 17,000 ib. 

1 blast pifM; 60 in. diam. X 140 ft 18,000 Ib. 

2 connections 24- in. X 20-ft. blowers to pipe 2,000 lb. 

2 24-in. blast gates lb. 

2 belts 12 in. X So ft. each 6 ply 300 lb. 

I engine nX 15 in., Tang>’e automatic 70 h.p 6,700 lb. 

I generator 220 volts, 50 k.v.a 2,700 lb. 

1 switchboard and instruments 2,300 lb. 


Total f.o.b. factor}" 94,100 lb. 

Freight to New York. 

Packing 

Erection 

Building 55X85 ft 


Total 


Boiler Plant, Building 55X85 //.: 

3 boilers, 72 in.Xi6 ft., 125 h.p 72,000 lb. 

I B. F. pump, 5HX3,H'X6 in 3,000 lb. 

Piping to engines 10,000 lb. 

Brick for boilers: 

Red, 42,000. 168,000 lb. 

Fire-, 7,500 30,000 lb. 


Cubic yards sand, 21. 
Barrels cement, 21. . . 
Bushels lime, 100.. .. 
Fire-clay, 4,200 lb. . . 


Total f.o.b. factory 283,000 lb. 

Fre^ht to New York 

Packing. 

Erection 

Building 


$2,710.00 

1.800.00 

1.080.00 

150.00 

180.00 

200 . 00 

800 . 00 

1.200.00 

550.00 

$8,670.00 

218.00 

163.00 

605.00 
9,000 . 00 

$18,656.00 


$4,200.00 

150.00 
1,000.00 

420.00 

150.00 

40.00 

25.00 

10.00 


$5,995-00 

241.00 
80.00 

980.00 
9,000.00 


Total 


$16,296.00 
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Dressing Plant, Building 40X60//.: 

I kettle, 8 ft. diameter 

Iron work lor setting 

100 bullion, molds 

I i H-in. centrifugal pump and 5-h.p. motor, 

I chain block for same 

Tools 

Floor plates, cast iron 

I Dormant scale, Xo. 1046 

Fire- and red-brick for kettle setting: 

Red, 40,000 

Fire, 2,500 

Cubic yards sand, 7 

Barrels cement, 7 

Bushels lime, 35 

Fire-clay, 1,400 lb 

F.o.b. factory 

Freight to New York 

Packing 

Erection 

Building 

Total 


9,000 lb. 

$450*00 

6,000 lb. 

250.00 

5,000 lb. 

250.00 

1,000 lb. 

350.00 

500 ib. 

50.00 

1,000 lb. 

100.00 

72,000 lb. 

2,160.00 

2,000 ib. 

125 .00 


400.0c 


50 , 00 


12.00 


8.00 


5.00 

96,500 Ib. 

$4,210.00 


146 

.00 

24 

.00 

$ii 

.00 

2,400 

.00 

$7,291 , 

.00 


Sintering Plant, Building 70X140//.: 

2 D.L. sintering machines loc.ooc lb. 

2 50-h.p. motors for fans 6.00c lb. 

1 belt conveyor, 16 in.Xio5 ft 2,00c Ib. 

I elevator, 12 in. X 50 ft. B. & B 5,000 ib. 

1 50-h.p, motor to drive conveyors, elevators, and sintering 

machines 3,000 lb. 

10 belt feeders, 24X6 ft 10,000 lb. 

10 bin hoppers and gates 10,000 Ib. 

2 sintered ore hoppers 10,000 ib. 

1 air compressor belt driv'e, 8X8 in 4,000 Ib. 

I oil tank, 8 ft. X 24 in. X M 8, 000 Ib. 

1 lo-h.p. motor for compressor ’ 1,000 lb. 

2 tanks, 24 in, X 8 ft 500 lb. 

Piping, valves and fittings SjOoo lb. 

Transmission 20,000 lb. 

Bolting 4,000 lb, 

I waste-gas flue, 5 ft. diameter, including connections, machines 

to fans 24,000 lb. 

I i6-in. conveyor tripper over bins 1,000 lb. 

1 16-m. conveyor tripper over s. machine 1,000 ib. 

2 Evans speed cones 3 >000 lb. 

2 hoppers over s. machine, 6X6 ft 2,400 Ib. 

I air receiver, 36X96 in 1,200 lb. 

F.o.b. factory 221,100 lb. 

Freight to New York 

Packing. 

Erectioa 

Bnflding, 70X140 ft. inclnc&^ feins- 


SlOjOOG.OO 

1,500,00 
1 ,000 . OO 
350.00 


750.00 

1.250.00 
500. 00 

500.00 

750.00 

400.00 

200.00 
100.00 

1 ,000 . 00 
1 , 000.00 

500.00 

1 .200.00 

150.00 
150. CO 

400.00 

150.00 

160.00 
$22 310.00 

,523.00 


20 , 000.00 
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Office Building, 40X40 //. 

OfBce equipment 

Total. 

I Assay OJi-ce, 30X40 ft. . 

.‘Vssay ofiice equipment . 

Total,. 

I Store Roam, ^5X60/1 

I Dorman W. scale, 1,046 

Office equipment 

Total. 

I Machine shop, 40X^0 ft 

X lathe, 24 in. X 10 ft 

I planer, 36X36 in 

1 bolt cutter up to in 

I grindstone. 

1 drill press 

I blacksmith shop, 20X30 ft 

I forge and bellows. 

I anvil, 60 lb 

1 st?t B.S. tools 

Total . . 

Freight. . 

Packing. , 

Erection. 

Total. 

Yard: 

2 charging cars 

2 electric locomotives 

I yard crane, hand operated 

i support for same 

Iron work for jib crane 

Tracks and switches in front of furnace. 

I RR. track scale 

Tracks and switches. Bins to furnace. 
10 weighing hoppers for bins 

I conveyor ago ft. long for sintered ore. 
I balloon flue and supports, 12X400 ft. 
I stack, SXiSO ft 

Total f.o.b. factory. , 

Freight to New York. . 

Packing 

Erection 


2,000 lb. 


1,000 lb. 


60 lb. 
1,000 lb. 


14,000 lb. 


175,000 lb. 
40,000 lb. 


$1,000 . 

00 

0 

•o j 

,00 

$1,500, 

,00 

$800. 

,00 

2,000. 

.00 

$2,800 

.00 

$1,000, 

.00 

125 

.00 

100 

.00 

$1,225 

.00 

800 

.00 

1,200 

.00 

3,000. 

. 00 

Soo 

.00 

40. 

.00 

1,000 

.00 

0 

0 

w 

.00 

75 

.00 

IS 

.00 

100, 

.00 

7 , 430 . 

.00 

100 

.00 

SO 

.00 

ISO 

.00 

$7,730 

.00 

$1,200 

.00 

6,000 

.00 

1,500 

.00 

2,000 

.00 

250 

.00 

500 

.00 

1,500 

.00 

500 

.00 

3,000 

.00 

6,000 

.00 

M 

0 

8 

.00 

2,000. 

.00 

34,950. 

,00 

750. 

00 

200. 

00 

4,000, 

00 


Total.; 


$^ 9 , 900.00 
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I Cottrell System ^35,000.00 

irafiT System for Fire, Granulating, ami Domestic Use S,ooo.oo 

Sezi'erage 2,ooo.CNa 

Grading, Foundation, and Retaining IVaUs 10,000.00 

RR. Tracks, Sivifehes, and Trestles 5,000.00 

Lighting System, Including Lamps, ir/r,-, Poles, etc 3,000,00 

Tools and Equipment for Construction IForjt 1,000.00 

Suniynary: 

Smelting department $44,775.00 

Smelting department, furnace brick 1,925,00 

Sampling plant 20,489 . 00 

Power plant 1 3,656 . 00 

Boiler plant 1 6,296 . 00 

Dressing plant 7, 291. 00 

Sintering plant 45,148.00 

Office building, etc 1,500.00 

Assay building, etc 2,Soo.oo 

Storehouse 1,225.00 

Machine- and boiler-shop 7,730.00 

Yard equipment 39,900 . 00 

Cottrell system 35.000.00 

Water system • 5,000.00 

Sewerage system 2,000 . 00 

Grading, foundations, etc 10,000.00 

RR. tracks, etc 5,000.00 

Lighting system 3,000.00 

Tools, etc. 1,000.00 


Total $265,735.00 


123. Fuels. — The fuel used almost exclusively in the blast furnace is coke, 
as it holds up the charge, burns before the tu3'eres mainh" to CO2, and con- 
centrates at the tuyere-region the heat generated. Formerh’ charcoal was the 
leading fuel, later came a mixture of coke and charcoal. Part of the coke has 
been replaced by bituminous coal, anthracite, wood, oil, and natural gas. 

124. Coke. — A coke to be suited for the lead blast furnace ought be strong 

and hard enough to bear the burden, sujB&ciently porous to permit a good ton- 
nage with a blast-pressure of not more than 3 lb. per. sq. in., and low in 
ash-content. Most kinds of coke have an adequate strength and hardness not 
to be crushed or abraded in the passage through the furnace. As regards 
porosity, gas-coke might form a suitable fuel, provided the pores are not too 
large, as they become more or less clogged and cause the formation of lumps 
of glazed coke which are not only useless, but in reality harmful. A porous coke 
burns quickly, but favors the creeping up of heat. In a number of cases 
a change from a porous to a denser coke has resulted in the disappearance of 
overfire. A very dense coke suited for the iron blast furnace working with a 
blast-pressure of 15 ± lb. per sq. in., bums slowly in a lead blast furnace and 
gives unsatisfactory reduction. A coke, therefore, which combines strength 
with a moderate degree 'Of ^ best meets the requhremeats. 
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Physical standards for lead blast-furnace coke have not been formulated 
as yet. A cubic foot of good coke piled loosely weighs about 27.5 lb.; it has 
about 50 per cent, of cell-space, and an ultimate compressive strength of 8oo~ 
Tooo lb- per sq. in. Coke from by-product ovens, which is harder than 
that from the bee-hive, has to be used in smaller pieces than bee-hive coke, as 
large pieces burn too slowly in the lead blast furnace. 

The amount of fixed carbon of coke usually increases wdth the hardness, and 
this with the time and temperature gix’en to the operation of coking. The 
percentage of volatile hydrocarbon is low, usually inside of 2 per cent. Coke 
with over 2 per cent. V.H.~C. has been noticed to favor creeping up of heat 
in the furnace. The amount of ash varies from 10 to 20 per cent. ; it is usually 
nearer the first figure. Adding 2 per cent. V.H.-C. to an ash-content of, 
say, 1 2 per cent., gives by difference the F.C. at 86 per cent. Table 58 gives the 
proximate analyses of some important brands of blast furnace coke. 


T,vble 58. — Proximate Analyses of Coke used ix Lead Districts 

Conneiis- Cardiff, Grand ; El Moro, I Crested | Pocahon 



ville, Pa. 

Wales 

Fixed carbon 

. . 87-46 

95-00 

Moisture 

0.49 

0.01 

.\sh..... 

.. 11-32 

4.26 

Sulphur 

0.69 

0.6S 

Phosphorus . 

0.029 

0.02 

Volatile matter. , . . 

O.OI I 


Reference 

(c) 



River, Colo.' Colo. Butte, Colo.i tas, Va. 
93-75 S7.47 92.03 92-550 


I 0.347 


5-49 

io.6S(a) 

6 .62(a) 

5-749 

0 -S 97 

0 . 10 

-03 |. 


0) 

1.85(6)1 
U) 1 

1-35(6) 1 
(d) \ 



0.757 
^ (/) 


In Table 59 are given analyses of coke-ash. 


Table 59. — Analyses of Coke- ash 



Conaells- 
vilk. Pa. 

Stark ville, 
i Colo. 

Grand 

River, 

Colo. 

El Moro,' 

' Colo. 

Crested 

Butte, 

Colo. 

South 

Park, 

Colo. 

Belt, 

Mont. 

SiO,.. 

A130I,. 

44.64 

25.12 

65-45 

25.60 1 

50.1 

84.50 

8.40 

42.25 

23.07 

29. 10 

23.10 

51. 6 

33.6 



32.73 

8.00 j 

14.3 

7. 10 

26.43 

47.80 

10.0 

CaO 

6.95 




3.50 



MgO 

1. 91 




1.40 



Refa-ence. , 

m 

(*) 



Cf) 

(«) 

(0 


Horr, 


GeimrrflF i»cliidis® wjastore. (c) “Miaeral Resomrces of the United States," 1887, 

p. 3^. V) ‘ Teakh Cewoa erf the Uimked Stattos,** 18S©. acr, p. jx C*) Emmoos. “Geology and Mimng 
iBdtfkUT of LeaArBte., CcAk-.** Tr. I, M. xck. 1034- (s) Priyate oommnBi- 

cmtion X - ^ emmammcatmn by If, W- Has. m Tr . A . I . M . B ., 1^04. 
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Table 59 shows that the leading constituents of coke-ash are SiOs and AI2O3; 
some varieties contain considerable amounts of FeaOa. In computing a charge, 
the ash of the coke has to be taken into account. 

Before coke is fed into the furnace, all the fines have to be removed, as they 
choke the charge, favor the formation of accretions, and, not burning freely, 
have to be carried out of the furnace by the slag. With more or less glazed 
particles of fine coke the slag is likely to become dirty and to retain particles 
of matte. The separation of fines is done with a coke-fork having prongs 
f 4 ii^* apart, while remo\nng the coke from the shed. Sometimes a scoop is used, 
and the fines are screened out by dumping the coke over a grizzly which dis- 
charges the coarse coke on the feed-floor and the fines into a bin, whence 
they are removed, usually to be burned under a boiler, occasionally in a gas- 
producer or other places where their heat value can be utilized. Dwight^ 
says that a reasonable amount of fines, such as usually accompanies a good 
quality of coke, does no harm, and he condemns their discard by forking. 

125. Charcoal. — As regards porosity, charcoal is the best fuel for a lead 
furnace, as it consists- of a large number of small cells joined to each other by 
porous walls. Hence, being readily oxidized, it is a good reducing agent for 
oxidize ores, and does not require a high blast, which is an advantage. Its 
greater porosity causes greater bulk than coke (3 :ij, thus making the charge 
looser, w^hich is favorable for quick smelting; further, its percentage of ash is 
low. The great disadvantage of charcoal is that few kinds can bear any heavy 
burden; it breaks up and crumbles. Fine charcoal is not only worthless as a 
fuel, but it is a bad conductor of heat. It makes unclean slags and also causes 
loss in metal by increasing the amount of flue-dust; hence nobodx’ uses charcoal 
alone unless absolutely forced to do so. Further, the smelting zone tends to 
creep up and thus increase the loss of lead by volatilization. 

Nut-pine (piiion) charcoal is the best, but it has to be well burned. Charcoal 
from lighter woods, such as yellow and w’hite pine, quaking aspen, and cotton- 
wood can not be used alone in the furnace, and even with coke only a small 
percentage is allowable; some metallurgists condemn it entirely. Mesquite 
makes a good charcoal, but it is obtained with difficulty in large pieces. Char- 
coal from hard woods, such as mahogany, cedar, and oak, decrepitates in the 
furnace. When charcoal is exposed for any length of time to the open air it 
breaks up and the amount of fines becomes large. On the other hand, its quality 
is said to be improved by storing, through the oxygen that it absorbs- Lead 
smelters do not like to have large amounts of charcoal on hand. It should be 
stored where it is not exposed to the sun. Charcoal has in a few instances 
been replaced by an equivalent in reducing power of split ’wood cut up into 12 -in- 
lengths. The wood keeps the charge open and the charcoal formed arrives less 
crushed at the tuyere-region than if it had been charged as charcoal.® 

1 Tr. A. I, M. E.f 1902, xxxn, 365. 

* Th^Sme^, SktM fmd 18S6, vi, 71. 

Btofman, Metafiiisqgy/* 1*918, p. »o8. 

* ** MetaHoigy di 1:91$, p. 182. 
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Liglit-wood charcoal conlaini about 2 per cent- of ash. As this consists 
principally of alkali and alkali-earth carbonates, it does not affect a charge 
to any appreciable extent. One bushel weighs about 14 lb. The height of 
charge it can bear varies too much with the different kinds of charcoal to give 
a general figure; in all cases it is less than with coke. 

126. Coke and Charcoal. — From w’hat has been said it is obvious that the 
ideal fuel for the lead smelter must combine the strength of coke and the porosity 
of charcoal; thus, at least with a low-pressure blast, a mixture of coke and 
charcoal will put through more charges in a given time than either alone. The 
coke bears up the charge and prevents the charcoal from being crushed. This 
burns quickly, helps to ignite the coke, and, having hardly any ash, leaves hol- 
low spaces for the blast to penetrate. At present, wrhen furnaces are rxm with 
a pressure of from 2 to 3 lb. to the square inch and oxide ores form a small 
percentage of the charge, charcoal is never used. The greater height of furnace 
and with it of charge necessitated by the increased volume of air blowm into the 
furnace, w'ould cause the charcoal to be broken; the fine charcoal w^ould cause 
the disadvantages given in §125; it would burn near the top of the charge and 
cause overfire.^ 

127. Coke and Bituminous Coal. — Neill- succeeded in 1S91 in replacing part 
of the coke by a non-caking or only slightly caking bituminous coal, using sepa- 
rately lump, nut, and pea coal. He gives as results of his experiments that, 
beside the direct saving in substituting the cheaper bituminous coal for the 
coke, jackets, slag, and lead appeared hotter, the tuyeres brighter, and the 
crucible kept open better. The slag assays ran low^er in values than with the 
usual coke and charcoal mixture, and the separation of slag and matte was 
good. On the feed-floor the charges settled more evenly, as fewer zinc accre- 
tions w’ere formed, and the top w^as cooler than usual. While the volume of 
smoke was larger, there w’as no greater loss in the flue-dust on account of the 
charge being cooler. In his furnace, 36 by 78 in. at the tuyeres, and 12 ft. 
from the tuyeres to the charging-door, he w-as using coke and charcoal in 
the proportion of 3 : 1, and W'as able to have 27 per cent, of bituminous coal 
in Ms fuel charge, replacing an equivalent amount of coke. He expected that 
with a higher furnace 50 per cent, of his fuel might be bituminous coal. 

The example of Neill in using mixtures of coke and bituminous coal, instead 
of coke or coke and charcoal, has been follow^ed by others and proved successful. 
Austin® gives a summary of 18 months’ experience in the use of mixed fuels — 
coke, charcoal, and bituminous coal — in the blast furnace (having a 1 2-f t. 
working height) of the Germania Lead Works, Salt Lake City, Utah. Table 
60 contains the leading data: 

^ Brethertoa, Tr. d. I. M. JE., 1915, ui, 730. 

® Op. X3C, 165. 

» Eng. Mim. iS^, tvin, ssS. 
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Table 6o.~Axalyses of Blast Fuexace Fuels 


Blast furnace fuel 


Cost 

per Character 
ton ' 


Per 

cent. 

ash 


Composition of ash, 
per cent. 


SiOi FeO CaO Cu 


Calorific 
power: gm. 
lead reduced 
by I gram 
fuel 


Coke from Castle Gate, Utah, ;$7. 50 Friable 14.0 35 0 25.7 6.5 2.6 

Coke from Crested Butte, Colo. . ir, 00 Fairl3' hard 1 1. 3 32.230.4 6.6 2.S 

Xut coal from Castle Gate, Utah.; 3.00 Friable 8.4 42 .0 20. S 10. c . . . . 

Charcoal 14.00 


24-5 
28. s 

24.0 


Blast furnace fuel 

Coke: coal Coke: coal 

coal 

Proportions 
in mixture 

^ 1 1 . 1 1 ’ ~ § i 1 I *1 t 5 : 1 1 

Coke from Castle Gate, 
Utah 

Coke from Crested Butte, 
Colo. ; 

Nut coal from Castle Gate, 

14:2 

14:2 

$1.33: 16 LA = : 4 Si .=4 „ 

1 : : g:g c.94 13. 

i.sa ! 16 

1 : ; 9:9^ X.26 IS 

i 

Utah ! 

Charcoal i 




The conclusions drawn by Austin are, that in replacing charcoal and some 
of the coke by bituminous coal, the amount of fuel required to the ton of charge 
has to be increased by i or 2 per cent. ; that the effect is similar to that of char- 
coal in promoting the running of the furnace, but that an excess of bituminous 
coal is likely to choke up the charge and can be corrected by substituting charcoal; 
that bituminous coal appears to work unfavorably with coppery and arsenical 
ores, the crucible filling up slowly; that as regards manipulation the feeding of 
bituminous coal must be stopped whenever yellow smoke issues from the surface 
of the charge; that overfire is to be avoided, as it ignites the explosive gas- 
mixture on its passage into the downcomer ; and that lastly the blast may never 
be taken off entirely (at least one blower must be kept going), as the same gas- 
mixture coming in contact with air in the furnace w'ill be ignited by the hot 
charge. The replacing of charcoal and coke by bituminous coal is recom- 
mended, if the latter is considerably cheaper, and if copper and arsenic are present 
in small enough quantities to permit its use. 

128. Coke and Anthracite. — ^The leading disadvantages of using anthracite 
in a furnace are its denseness, which causes it to bum slowly ; and its property of 
decrepitating when heated, whkh gives rise to dirt troubles mused by infu^le 
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and non-corabustible mixtures of fine coal and ashes. Dwight’- publishes some 
experiments made by Von der Ropp in substituting anthracite of goose-egg size 
for part of the coke, no charcoal being used. The furnace was 36 by 80 in. at 
the tuyere-level and 9 ft. from there to the feed-floor. The result was that the 
smelting power of the furnace was reduced as the proportion of anthracite was 
increased, e.g., one-third with anthracite as 60 per cent, of the fuel; otherwise the 
furnace remained in good condition. The top kept cool and the crucible open; 
there was a good reduction shown by a clean slag (0.4 to o.S per cent. Pb), 
a matte low in lead (8 per cent. Pb, 4 per cent. Cu) , and a speiss having a coarsely 
crystalline structure. Finally, less zinc accretions were formed than when coke 
alone w’as used, the charge containing 7.5 per cent. Zn. 

129. Liquid and Gaseous Fuel. — The use of crude oil, injected at the tuyere- 
level, to replace part of the normal amount of coke, has been suggested, but 
not tried, at least with lead blast furnaces. In matting copper ores, success 
has been claimed for the use of oil.® 

Gaseous fuel has been used in a single instance. At the works of the Penn- 
sylvania Lead Company*’ Blake introduced natural gas with the blast by insert- 
ing ^ g3.s-pi{>e through the tuyere-pipe. The amount of natural gas was 
regulated by stop-cocks and the blast- volume increased so as to supply suffi- 
cient air for the combustion of the gas. Thirty per cent, of coke was success- 
fully saved in this way. By replacing 60 per cent., the top of the furnace 
became too hot. That solid fuel cannot be entirely replaced by gaseous is 
clear from the reactions going on in a blast furnace which require solid carbon. 
For pecuniary reasons it is improbable that any artificial gaseous fuel will ever 
be used in the blast furnace. 

130. Weight of Fuel.'*^ — The weight of fuel required in a lead blast furnace is 
generally expressed in terms of percentage of the total weight of the charge (ore, 
flux, and slag). Some metallurgists^ prefer to measure the individual charges 
of coke going into the furnace instead of weighing them, as the greater or 
smaller amount of water contained in the coke is likely to give vrrong weights. 
They weigh given amounts of dried coke into the charging larrie, mark the 
heights to which these reach, and are then guided by the markings in feed- 
ing the furnace. 

The simple statement that a furnace is run with a definite percentage of 
coke is not sufficient to convey a clear idea of how much heat is being used, as 

^ Tr. A. I. Jyf. jE., 1891, XX, 169. 

* Hamilton, jEnf. Mim. J., 1911, xci, 244. 

Kiddie, 0j^, cH., 1911, xcn, 434. 

Waters, e#. cii., 1913, xcin, 877. 

Lang, Mm. Sc. Fress^ 191 3» cvi, 298. 

Maj-qnard, Caaad- Mm. J., 1915, xxxvi, 472. 

» Tr. A. J- M. F., 1886^7, xv, 661. 

AustiOt Mm. Sc. 1907, xcav, 341. 

Kali, Rev. Un. Mim., i9i3t,X3cnv, 3i3,xxxv, i. 


vm Scldi|p|]M£idb«dl^ Sm. ^ 
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the percentage of ash in different kinds of coke varies greatly. In recent years 
it has become the custom to add the percentage of fixed carbon to the figure 
denoting the percentage of coke. A furnace is run vnih 13 per cent, coke which, 
with 86 per cent. F. C., corresponds to 11 per cent. C. ^Misunderstanding 
occasionally arises from deducting the pounds of lead contained in the charge 
and referring the percentage of fuel only to the slag and matte material. Often 
the percentage of fuel used refers to the weight of the charge excluding the slag 
that is added, for the reason that an addition of slag, because it facilitates the 
smelting, does not within ordinary limits call for extra fuel. 

In general it may be said that a furnace requires from 12 to 15 per cent, 
coke of the total weight of ore plus flux to run satisfactorily; this figure, uith 
coke of 86 per cent. C, corresponds to 10.5-13.0 per cent. C. A charge with 
metallic sulphides requires less fuel than one that is made up of o.xides. A good 
rule^ is to avoid any excess of fuel and to keep on the ‘‘ ragged edge of reduction,*’ 
as this gives large tonnage, long campaigns, good furnace conditions, and good 
metallurgical work; the slag will assay 0.5-1. o per cent. Pb, and be fluid and 
hot; the volume of smoke issuing from the throat will be small, and gray or 
dark in color; and the lead output will be good. Over-reduction, f.c., using too 
much fuel, is accompanied by no end of disturbances. There is danger of iron 
and copper sows; of making much speiss in the presence of arsenic; the crucible- 
content becomes sticky; the furnace tightens and speed is lessened; slags run 
slowly although they are hot; coke appears at t,he tap-hole, and white smoke and 
overfire at the top; slags contain too little lead, \iz., 0.3-0, 4 per cent., and show 
sparks of burning coke. In under-reduction, i.c., using too little fuel, the speed 
is high; the slags, while fluid, are cold and look heavy, and run i per cent. Pb 
and over; a large volume of thick, grayish w'hite smoke arises from the throat; 
and the yield in lead is bad. The correction is made by adding, say with a 
slag of 2 per cent. Pb, 4 per cent, more coke, and then reducing this gradually 
when the results of the correction have been noticed. If the fuel is to be reduced 
when the furnace is doing fair work, it is wise to decrease by not more than i per 
cent, at a time. In running a new charge, it is advisable to use a little extra 
fuel in order that the assays and physical appearances may form clear guides 
for making any necessary changes. 

The amount of C theoretically required to smelt a charge can be calculated 
from the thermal balance sheet (§156). In practice the amount of coke re- 
quired varies with its character, with the fusibility of the charge, with the 
time of year, with the altitude at which the smelting is carried on, and the 
pressure of the blast. 

As regards the character of the fuel, coke that is rich in ash is not only an 
inferior fuel in proportion to the smaller amount of C it contains, but a consid- 
erable quantity of this C is consumed to melt the ash and the fluxes necessary 
to slag it. For this reason a smaller amount of charcoal than of coke would 
seem to be required. The exact 0|>p<^te, however, is the case, as the charcoal 
crumbles, is^ arushed ip. its in the furnace, bums more to CD at the tn- 
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yeres than the denser coke, and thus produces less heat, which has to be made up 
by additional fuel, and is oxidized more quickly by the CO2 of the ascending 
gases than is the coke. 

The richer an ore is in lead the less fuel will be needed, as the amount of 
gangue to be smelted is correspondingly smaller; also the more fusible will be 
the rest of the charge. An ore containing zinc requires more fuel than one that 
is free from it; a calcareous slag requires more fuel than one that is furruginous; 
a coarse and open charge requires less fuel than one that is fine and dense, as 
fine ore causes slow running. 

In summer less fuel is generally required than in winter, not so much owing 
to the higher temperature, which may be counted as balanced by the larger 
percentage of moisture in the air, as to the more rapid evaporation of the water 
contained in ore, flux, and fuel. The difference may be as much as 5 per 
cent. Furnaces run better at night than during the day, as there is less 
moisture in the air. 

The altitude at which an ore is smelted makes a great difference in the 
amount of fuel required. Hahn,^ for instance, in 1881, gave the figures of 14 
and 17 per cent- in Salt Lake City (4000 ft. above the level of the sea) as against 
22 and 24 per cent, in Leadville (10,000 ft.); the lower figure refers to the 
summer, the higher to the winter season- A partial explanation of this fact 
w’as given by Headden at a meeting of the Colorado Scientific Society, in that a 
cubic foot of air entering the blast furnace under a certain pressure will expand 
more at a high elevation, w'here the air is rarefied, than at sea-level, and that 
consequently more heat will be consumed which has to be made up by an extra 
amount of fuel. This accounts, however, only for a small part of the extra 
heat required. Palmer® has shown that the difference in fuel consumption 
at high in comparison with low elevations is due to the fact that the velocity of 
combustion is directly proportional to the concentration of the O in the air 
entering through the tuyeres. As the temperature at the tuyeres is propor- 
tional to the rate of combustion of the C, the low temperature caused by the 
slow burning at a high elevation has to be corrected by adding more fuel to the 
charge. 

Lloyd® records that in matting sulphide-copper ore at an elevation of 
14,000 ft. the smelting power was lower and the pyritic effect smaller than 
at sea-level; he also states, as does Sacio,^ that heat losses by radiation have 
to be avoided as much as possible. The statements of both give additional evi- 
dence of the slower rate of oxidation at a high than at a low altitude. Similar 
experience has been had in roasting pyrite concentrates at different elevations. 

Hie pressure of the blast has a great infl,uence on the fuel consumption. 
With the pressure of i Ih., common in the early eighties, the amount of coke 

needed at an elevation of 5000 ft. was about 15 per cent., and at 10,000 ft. 18 

*• Min. Res. £/. 5 -, iSSa, p. 3^. 

* Emg. Mim. /., 1906, ixxxi, 154. 

* Tr. M'ti. Imi. Mm. Im 4 ., 1909^10, 2^ 'ix, 

*S£M^Mm. 1913, xxw, 344; Ckem. 1913, xi, 499. , 
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per cent., and as much as 22 per cent., if a mixture of coke and charcoal was used. 
This has fallen with a pressure of from 2 to 3 lb. to 12 and 15 per cent, respec- 
ti^'Cly. The reason for this sa\dng is partly because of the smaller amount of 
carbonate ore treated, but mainly on account of the more even and perfect com- 
bustion of the coke at the region of the tuyeres, because the blast comes in 
better contact with the fuel. If, however, the pressure be strong enough for the 



Fig. 31S. — Formation temperatures of some ferro-calcic singulo-silicates. 

air to penetrate too much into the coke the C will burn only to CO, with the 
consequent reduction of temperature; the porosity of the coke must therefore 
be a gauge for the blast. 

With charcoal, where high-pressure blast is not permissible, the older figures 
hold good to-day, as much as 26 and 28 per cent, being used, according to Hahn.^ 
131 . Lead Slags, Thermochemical Properties. = — The slags made in a lead 
blast furnace are mixtures mainly of ferrous and calcic silicates; the parts played 
^ Min. Res. U. S., 1882, 339. 

^Fulton, C. H., “Principles of Metallurg}^,” McGraw-Hill Book Co., New York, ipio, 
p. 244. 

Hofman, H. O., “ General Metallurgy,’’ McGraw-Hill Book Co., New York, 191S, p. 433. 
Hahn, Min. Res. U. S., 1882, p. 325. 

Guyard in Emmons, “ Geology and Mining Industry of Leadville, Colo.,” monograph, 
XII, U.^S. Geol. Survey, p, 701. 

lies, Min. Res. U. S., 1883-84, p. 440- 
Schneider, Tr. A. I. M. E., 1882-83, xi, 5 ^* 

Keller, JProc. Jnstit. Civ. Eng. (England), 1S93, cxn, 203. 

Struthers, Sckoed Min. Qumrt., iS94-9S> xvi, 356 (partial bibliography)* 

Henrich, Eng. Mm. J., 1883, xxxyi, 211- 

Dw%ht,, liatisewBOB, Tr. A. I. M, J 2 ., 1916, rvi, 627-629. 
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! >y tilher bases will lje considered in §136 and following. The freezing-point curves, 
Fig. 318, of the singulo-si’icate series, 2R0.Si02, the sesqui-silicate, 4R0.3Si02, 
and the Id-silicate, RO.SiO-, show that these silicates are eutectic mixtures ; the 
e.xislence of chemical compounds has not been definitely proved although there 
is at SiOa 31.07, FeO 4S.93, CaO 20 per cent, an indication in the singulo- 
silicate curve of the compound 2(2Fe0.Si02).i(2Ca0.Si02), which contains 
,03, FeO 49.65, CaO 19.31 per cent- The more recent work of Zmiel/ 
ig with ferrous silicates, and of Konstantinoff and Selivanoff wdth ferro- 
caicic bi-si!icates 2 shows the general V-shaped form of the freezing-point curve 
with the absence of a chemical compound, while that of Selivanoff* dealing with 
ferro-cakic singulo-silicates points to the existence of the chemical compound 
2 (hFeO.SiOs 1.3(2 CaO.SiOa) freezing at about 1250° C. mth an eutectic on either 
side, that on the FeO-side melting at about 1150° C. and that on the CaO-side 
at al.)out 1210" C. 

The formation temperatures of the singulo-silicates of Fig. 318 are given in 
Table 61. They show that with the replacement of FeO by CaO the formation 
temf>erature of the ferrous silicate of 1270° C. falls to 1170° with the slag contain- 
ing 16 per cent. CaO, it rises to 1205" with 30 per cent. CaO; falls again with 


T.vble 61. — FoRM.vnox Temperatures of Ferro-calcic Singulo-silic-ates 


Chemical composition of s 

lag 

Melting-point, 




FeO, per cent. 

CaO, per cent. 

degrees C. 

SiOj, per cent. 

29, 20 

70.80 

0 

1,270 

29-75 

66.25 

4 

1,250 

30.09 

61.91 

8 

1,240 

30.42 

S 7 S 8 

12 

1,220 

30.76 

53-24 

16 

1,170 

31-07 

48.93 

20 

ijSos 

31.40 

1 44-60 i 

24 

1,190 

31 70 

I 40.30 : 

28 

1,170 

32. 10 

35-90 : 

32 

1,150 

32.30 

31.70 1 

36 

1,130 

32.70 

27.30 : 

40 

i>i 5 o 

33-10 

22.90 

44 

1,190 

33-44 

18.56 

48 

1,270 

33-79 

14.21 i 

1 

52 

1,430+ 


further replacement until it reaches the lowest point at 1130° with 36 per 
cent. CaO; and then rises steadily, probably to the formation temperature of- 
iCaO.SiOj, which lies at 2080® C. 

The formatimi temperatures of the sesqui-^licates are given in Table 62, 
The ferrous s^^ui-alicate has a lower formaticiea temperature (ri2o® C.) than 

^ Rn. Mu. *9*3, X, §ii. 

* 0 |». cd., 1913, X, 607. 
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the singuio-silicate (1270°); it also falls with the replacement of FeO by CaO, 
but reaches its minimum when the slag contains 12, or perhaps S per cent. CaO. 


T.\ble 62. — Formation' Temperatures of Ferro-calcic Sesqlt-silicates 


Chemical composition of slag 


SiOo, per cent. 

FeO, per cent. 

CaO, per cent. 

degree.? C. 

38.46 

61.54 

0 

1,120 

38.90 

57.10 

4 

1,090 

39-34 

52.66 

8 

1.060 

39-78 

48. 22 

12 

1 .060 

40.22 

43 • 78 

16 

1,090 

40.66 

39-34 

20 

1. 150 

41 . II 

34-89 

24 

1. 1 50 

41.54 

30.46 

28 

I . i"6o 

41.99 

26.01 

32 

1,165 

42.42 

21.58 

36 

I ,IQO 

42. 87 

17-13 

40 

1.250 

43-31 

12.69 

44 


43-75 

8.26 

48 


44.19 

3 Si 

52 


The formation temperatures of the bi-silicates are given 

in Table 63, 

Table 63. — Form.ation Temperatures of Ferro-calcic 

Bi-silicates 

Chemical composition of slag 

Melting point. 

SiOa, per cent. 

FeO, per cent. 

CaO, per cent. 

degrees C. 

45-45 

54-55 

0 

1. 1 TO 

46.00 

50.00 

4 

1.070 

46.53 

45-47 

8 

I, 032 > 

47.04 

40.96 

12 

1,050 

47-56 

36.44 

16 

1 ,090 

48.02 

31-98 

20 

1. 130 

48.57 

27-43 

24 

1. 1 70 

49-19 

22.81 

28 

1. 20c 

49.60 

1S.40 

32 

1.250 

50.11 

13-89 

36 

x ,330 

50.63 

9.37 

40 

1,430 

51.14 

4.86 

44 


51-65 

0.35 

48 


51.73 

0.00 

48.27 



The temperature at which the ferrous bi-silicate forms, iiio® C., is lower 
than that of the sesqui-siKcate, 1120° C,; it is also lowered with replacements 
of FeO by CaO, and i^tches its lowest point with a slag containiiig not more 
than 8 per cent. OnO- ' ■; ' 



SIO OF 

The formation temperatures of ferro-calcic silicates are therefore the lower, 
the higher the silicate-degree; a slag with a high silication reaches' its minimum 
formation temperatures with less CaO than one in which it is low. 

The main slag for the lead blast furnace is the singulo-silicate;in most cases, 
however, it is made slightly more silicious than called for by the formula. 
Calculation of the formula from the chemical analysis^ often shows that a 
slag is made up of ferrous singulo-silicate (2Fe0.Si02) and calcic bi-silicate 
(CaO.SiOs) Of the many possible mixtures of ferrous and calcic singulo-sili- 
cates, certain definite proportions of SiOa, FeO, and CaO, have been found to 
work satisfactorily in the lead blast furnace; they have become representative 
for the work. According to Filers^ such a Typical Lead Slag should not contain 
over 0.75 per cent. Pb or 0.5 oz. Ag per ton, provided the lead bullion does not 
run higher than 300 oz. per ton; nor have a density over 3.6; nor permit either 
accretions in the hearths (thus keeping red-hot the lead in the crucible), or any 
creeping up of heat. The lead- and silver-contents of slags made at present are 
higher, as the ores treated are not so pure as those smelted in the early eighties. 

Table 64 gives such typical slags. The compositions of the slags have been 
calculated to total 90, leaving 10 per cent, for other components, such as AI2O3, 
ZnO, alkali, etc. In smelting ores that contain few of these other components 
the sum of SiOa, FeO, and CaO will often total 95 or g6 per cent.; if, however, 
this is not the case, the sum of the three main constituents may be only 85 or 86, 
and even less, as shown in §145 in connection with zinc, and as found in smelting 
ores from Cripple Creek, Colo., running high in AI2O3. 

T.\ble 64. — Types op Lead Slags 


Authority 

Type 

Special name 

SiOs 

Fe(Mn)0 

Ca(MgBa)0 | Total 

Filers 

C 

Quarter slag 

28 

50 

12 

90 

LaPise-Eilers.. 

: E 

Half slag 

-j 30 

40 

20 

go 

Schneider 

F 

Three-quarters slag 

' 33 

33 

24 

go 

Rtht 

G 

One-to-one slag 

35 

27 

28 

go 

Hahn 

H 

Silicious quarter slag. . . 

• : 32 

47 

II 

go 

Page 

I 

Silicious half slag 

-i 35 

38 

17 

go 

Livingstone. . . . 

J 

Half slag 

■ : 31 

38 

21 

90 

Hahn. 

K 

Silicious half slag 

-i 34 

37 

19 

90 

Murray 

M 

Three-quarters slag 

36 

31 

23 

90 


The special names given in column 3 of Table 64 are based upon the ratios of 
FeO and CaO; thus slag of type C is called a quarter slag on account of FeO: 
CaO=4:i approximately. This nomenclature originated in the idea of slags 
being chemical compounds; it has lost its supposed value, but is given as it 
is still much in vogue. 

1 Graphical represe*ttatk« by liddell, Bng. Min. J., 1914, xcvn, 318. 
ricming, /. Ind. Eng. Chem.^ 1916, vm, 269. 

» Table for such slags, sec Hcrfimii., H. O., “MetaHurigy of Copper/" McGraw-Hill Book 
Co., New York, 191S, p. »o. ' f . 

* jyffw. iSSe, 3txxi, 2.46, 
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In Table 65, calculated by Wra. Allen Smith of Herculaneum, Mo., are 
given some types of lead slags which are similar to those of Table 64, and others 
which are different, but have been made with success in Texas, Colorado, and 
Utah. The totals of Si02, FeO, and CaO are seen to range from 77 to 92 per 
cent, and to include the pure slag in which they are equal to 100 per cent. In all 
the types it is striking that i lb. FeO requires for fluxing 0.557 lb. SiOa; that i lb, 
CaO requires 0.714 lb. Si02; and that i lb. FeO has the same fluxing power as 
0.78 lb. CaO. In order to form a singulo-silicate, i lb. FeO requires 0.416 lb. 
SiOs, and i lb. CaO requires 0.535 lb. SiOa; for a sesqui-silicate, i lb. FeO requires 
0.625 lb. SiOa, and i lb. CaO requires 0.803 Ih. Si02. The silicate degree of the 
slags in Table 65 lies between that of a singulo- and a sesqui-silicate; in other 
words these types of slags contain a slight excess of Si02 over that called for by 
a singulo-silicate. 


T.^ble 65. — ^TypEs OF Le.ud Slag 



It is held by W. A. Smith that as long as the Si02-content of a slag has been 
neutralized by FeO and CaO in the amounts given, the slag will run successfully. 
Of course, the presence of other constituents, as for example of ZnO or AI2O3, 
will restrict the choice in making a high-FeO or a high-CaO slag, with corre- 
sponding differences in the Si02-content. 

132. Thermophysical Properties. — ^The fusibility of a slag, w'^hich always 
includes the formation temperature, depends upon the percentage of SiOs 
and the character of the bases; the effects of both will be taken up in §134 and 
following. The more fusible a slag, the larger will be the amount of charge 
smelted per unit of fuel. With the correspondingly low temperature prevail- 
ing, the reducing power of the furnace will be diminished; therefore a slag that 
is very readily fusible is not always desirable. 

The liquidity of a slag depends largely upon its fusibility. Usually the free- 
running temperature lies 100° C. or more above the formation temperature.* 

^ Steffe-Hofman, Min. Ind., 1908, 597 * 
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All interesting instance of a large difference between the two temperatures is 
shown by experience of Carpenter^ in matting Cripple Creek gold ore at Florence, 
Colo, The presence of a large amount of alkali in the phonolite rock caused the 
formation of glassy slag at a temperature lying very much below that necessary 
for free-dowing, and the furnace froze. On pulling down the front, the furnace 
was found to be filled more or less with glass. An addition of :MgO-bearing 
rock to the charge of the next run corrected the evil. 

A slag ought to be sufficiently fluid to flow freely and to allow a perfect 
separation of lead in the furnace and of matte in the fore-hearth. A correctly 
composed slag, which would otherwise be fluid, becomes viscid, if the weather 
changes to wet or cold; in such cases more fuel is required. It is difficult, even 
for the practiced eye, to say always w^hether the viscidity comes from lack of 
fusibility or from a slight insufficiency in fuel- As a rule, singulo-silicate slags 
containing earthy and metallic bases solidify quickly without first becoming 
pasty. When the tap-hole has been closed, the slag, if good, will drop slowly 
into the pot, drawing a small thread as it leaves the spout; a slag with an excess 
of base will fall off quickly in little round drops. Alost slags have certain 
characteristics in their manner of running, which have to be studied by observa- 
tion. In close connection with the running of the slag from the furnace is the 
manner of its rising in the slag-pot, and the appearance of the surface when it 
has just solidified and is still red. Alany slags show very characteristic 
surfaces. F.?.," the slag txpe E, Table 64, with Si023o, FeO 40, CaO 2oper cent, 
shows a slight thread when dropping from the spout. When rising in the pot, 
more or less concentric rings are seen, and radial lines (usually four) when the 
pot is about full. 

The melting-points of lead blast-furnace slags lie nearer 1,200 than 1,100° C. 
ScherteP gives 1,030° C., Guyard-^ assumes 1,200°, Iles^ finds 1,034°, Goetz 
(quoted by lies) finds a range from 1,100 to 1,200°, Landis® gives 1,114°, Cleven- 
ger'^ finds in two instances the temperatures of slags flowing from furnaces to 
be 1,149 and 1,170° C. 

The heats of formation from the constituent oxides® per kilogram of silicate 
show values ranging from 133 to 193 Cal. Additional data regarding 
slngulo- and bi-silicates of iron and manganese have been found by 
Wolgodine.* 

The specific heat between zero deg. C. and the melting-point, t, is 0.20185+ 

o. cx>oo302l, and that at the melting-point 0-20185+0.000604/. 

® Tr. A. I. M. 6., i^po, xxx, 130. 

* Austin, Min. Se. Pr«M, 1907, xciv, 252. 

* Freiberg. 1S80, p. 45. 

* Lor. cil, p. 744. 

* Srkmi Mim. Qmari., 1.895-945, acvn, 20. 

* Richards, J. W., " Calcnlati(»is,** McGtaw-Slll Book Co., New York, 1918^ 

p. soo. 

Mei. CAem. Eng., 1913,. wi, 

* Hofmaa-Wen, Tr. A. J. M. 51; i. 

* Mm. MS.. E 
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The total heat of fusion is given by Landis^ as 302 CaL and by Austin- 
as 300 CaL per kg. Landis gives the heat content, solid at 1,114*^ C. (the 
melting-point) as 262 CaL, hence the latent heat of fusion is 40 CaL 

133. Physical Properties. — Crystallization. — Well-composed slags have a 
decided tendency to crystallize. The center of a cone of slag is generally more 
crystalline than any other part because the cooling has been slower. The slag, 
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SiOs 30, FeO 40, CaO 20 per cent.^ from a big pot as well as from a ladle- 
sample will show crystals in the central part. An excess of FeO tends toward 
the formation of large crystals, whereas an excess of CaO fa\'or5 a more granular 
structure. The crystalline character of the normal slag extends to the surface; 
if it stops short of the edge, and this has a 
reddish tinge, there is an excess of SiOs; if 
the cavities in the central part show no 
crystals but are smooth and hard looking, 
there is an excess of FeO in regard to SiOo; 
if the top of a big pot has a smooth surface, 
the slag contains an excess of CaO over the 
normal. Slags that crystallize usually be- 
come amorphous (glassy) if chilled sud- 
denly, and crypto-cr^'stalline if not given 
sufficient time to develop crystals. A small 
percentage of zinc oxide in the slag inter- 
feres greatly with the crystallization. Iles^ 
thought at one time that the form in which 
a slag crystallized stood in some relation to 
the percentage of lime it contained. He 
shid, Fig. 319, that slags with from 3 to 5 
per cent, of CaO crystallize like a; with 8 
to 12 per cent, like a', with 15 to 18 per cent, like 6, with ig to 22 per cent, 
like c, with 23 to 25 per cent, like d, with 25 to 27 per cent, like c, with 30 
to 35 per cent, like g. The forms /, and ^ represent crystals formed in 
attempting to slag very silicious ores with lime alone. But the percentage 
of CaO can not be the only cause for the different forms of crystallization, 
as Raht® obtained from a single pot of slag three different forms of large, well- 
developed crystals of approximately the same composition, given in Table 66. 

It is to be noted that the same slag will melt at a lower temperature when 
glassy than when crypto-crystalline. This is due to the differentiation that 
occurs in cooling, crystals forming on the one hand, and ground mass on the 
other, both of which have different compositions and different physical proper- 
ties. This is important in taking a sample for chemical analysis. 


a 

Fig, 319.- 


/■ 


■Crystal-forms of lead-slags. 


^ Loc. cU. 

* Min. Sc. Press ^ 1908, xcvi, 560. 

* Austin, loc. cU. 

* Min. E£s. U. 5 ., 18S3-S4, p, ,440. 

* Prm. Cdo. Sc. Soc.^ 1891-93, w* 364, aad private coramaaaicatioiH April, *897- 
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Table 66.— Analyses of Slags of Same Composition bet Different Crystal Forms 



Globular 


radiated 


form 

SiOs. .. 

36.50 

Fe. .... 

20.30 

Mn... . 

2. JO 

Ahih. . 

7. So 

CaO.. . 

23.10 

BaO. . . 

0.52 

MgO.. . 

Trace 

Pb.... . 

X. d. 

S. .. . . . 

0.40 


.\pparently 

cubical 

form 

Prismatic 

form 

Liquid 

36.60 

37.1 

37-20 

20.00 

20.4 

22 . 10 

2.20 

2 .0 

1 . 80 

7.40 

7-2 

j X.d. 

21.00 i 

21.9 , 

1 18.00 

0.66 

0.92 j 

1 1-30 

Trace ; 

Trace ! 

X. d. 

X. d. 

N. d. i 

i I -SO 

0.36 I 

0-55 

i N. d. 


reyiacz/v.— There is some variet\’ in the tenacity of slags. Silicious slags are 
generally tougher than those in which the base prevails. The more crystalline 
a slag, the more brittle. A pot of slag may show brittleness in one part and 
toughness in another. 

Specific Gravity . — The specific gravity of a slag is an important factor in its 
separation from lead and particularh’ from matte, which has a specific gravity 
of about 5. Iles^ gives, as extreme figures, 3.3 and 4.16; as a common range 
for good slags, 3.4 and 3.6. The average specific gravity of 100 determinations 
of good slags gave him 3.691, and 3.6 is accepted as the highest specific gra\dty 
a good slag ought to have. 

Diaphaneity . — Slags do not possess to any extent the property of trans- 
mitting light. Single crystals in exceptional cases are transparent; sometimes 
they are translucent, but generally opaque. 

Color. — Lead slags are usually black from their high percentage of iron. 
Thin pieces sometimes appear greenish black; a large amount of iron will give 
a brownish hue. Lime produces a bluish or grayish tone. 

Luster . — The luster of slag varies. It is occasionally metallic, but generally 
vitreous to resinous. Very often slags are dull. 

M ageism . — Some lead slags show magnetic properties caused by the pres- 
ence of Fe/)4 or magnetic iron sulphide, FegSg. The Fe304 may be due to 
imperfect reduction of FeaOs, or to the use of magnetite as a flux, it may be 
formed by the reaction: 4PbO-h3Fe— Fe*04+4Pb.® In all probability its 
formation is governed by the SiOycontent of the slag, a high percentage 
being unfavorable to its formation,* Neill, ^ in examining for their magnetic 
properties a large number of lead slags running from 28 to 34 per cent. FeO, 
found that they were not attracted by the magnet; but with higher percentages, 

cU. 

* BertMer, “ Traits des E»% par la. vw sSdbe/* Thomine, Paris, 1834, i, 385. 

* Whecler-Krejci. Tr. A. I. 1913, xLVi, 562, 

*Tf.A.I.M.E. 1891, 
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e.g., Eilers’ slag, SiOs 28, FeO 52, CaO 12, they were attracted; samples with 40 
per cent. FeO were not attracted. 

134. Fltixes.—Silica. — In Fig. 318 it was seen that the formation tempera- 
ture of a ferro-calcic slag fell as the SiOo-content rose. Hofman^ has showm 
experimental ty, Fig. 320, that this fall continues to the degree of a 2.s-silicate; 
experiences with the iron blast furnace and the glass pot point in the same di- 
rection. The fluidity of a slag decreases with the increase of SiOa; silicious 
slags are more viscous than basic. 

As most silver-lead ores are silicious, it is rarely necessary to add silicious 
ore to the charge. However, lead carbonates and many galena concentrates 
frequently contain an excess of 
base and require a silicious addi- 
tion. In such cases silicious ores 
containing lead or silver or both 
will be used as flux, if available, 
instead of barren sandstone. In 
choosing a silicious material the 
amount of available Si02 will have 
to receive due consideration, §152. 

135. Iron. — In Fig. 318 it is 
seen that with ferrous silicates 
the formation temperatures rise 
with the iron contents. Silicious 
irony slags run like water. 

An iron flux acts in three w^ays: It furnishes a base for the SiO^ of the ore: 
Fe 0 .Si 024 -Fe 0 = 2Fe0.Si02- Being reduced to Fe by C or CO it acts as a 
precipitating agent with galena: 4PbS-f 2Fe203+3C = 4Pb-t-4FeS+3C02, or 
2PbS+4Fe0.Si02+C = 2Pb+2FeS+2Fe0.Si02-i-C02; and 2PbS-hFe203 4 - 
3 CO = 2Pb-l-2FeS+3C02; none of the reactions are as complete as expressed 
by the formulge. Further, FeO may liberate. PbO from its combination with 
Si02 which later is reduced by C or CO to Pb, as indicated by 4Fe0.Si02+ 
2 Pb 0 .Si 02 +C = 2 Pb-|- 4 Fe 0 . 6 Si 02 +C 02 . 

Slags rich in FeQ have a high specific gravity and are dangerous, as they 
are likely to cause the formation of crusts. A slag high in FeO, however, is 
a necessity, if much Zn is contained in the ore, as FeO favors the slagging and 
solution of ZnO. 

The purer the iron ore, the greater will be its fluxing power, as only that part 
of the FeO is available which is not required by its own SiOs (S or As). This 
Si02 not only limits the fluxing power, but also consumes limestone to form 
slag. With increase of slag-forming constituents the amount of space in the 
blast furnace for lead ore, of course, diminishes ; the loss by scorification on the 
other hand increases, but the larger the amount of slag formed, the greater will 
be the quantity of ZnO it can carry awray. 

The common i^ron 01^ ai:e h^natite, Fe^s, or limonite, 

^Tr. A. J. M. E,, 1899, xxix:, 79*-" 


Fig. 320. — Effect of increase of SiOn upon forma- 
tion temperature of a ferro-calcic silicate. 
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sometimes siderite, FeCO-?. The use of magnetite, FesO-i, as a flux has given 
rise to some discussion d The fact is that magnetite is difficult of reduction; 
hence a furnace using it as flux must have strong reducing conditions. As these 
are not easy to control, there may be over- and under-reduction. It has been 
shown in §135 that a high-SiO^ slag is unfavorable to the formation of Fe304; 
hence with magnetite as a flux a low-SiO-j slag has to be avoided. 

136. Manganese. — The fluxing property of MnO is similar to that of FeO, 
and IMnO is usually figured in a charge as equivalent to FeO, the molecular 

weights being 55 and 56. Hof man- 



has shown, Fig. 321, that the 
formation temperature of a ferro- 
calcic slag is raised by substitut- 
ing MnO for FeO. It is known 
from practical experience that 
!MnO— FeO slags have a greater 
fluidity than FeO slags. 

The series Mn0~Si02 has been 
studied by DoerinkeP and the 
bi-silicate series of MnO and CaO 
by Ginsberg.^ 

The commonest manganese mineral is pyrolusite, Mn02. Its oxidizing 
power has been said to be the cause that certain slags rich in MnO have so 
high a tenor in Ag. This seems to be contradicted by the fact that slags 
rich in IMnO, Table 67, have been made by Church^ that ran low in Ag and 
Pb, the lead bullion averaging 314 oz. to the ton. 

The oxidizing pow’er of oxides of manganese on blende in the reverberatory 
furnace, when sulphide copper ores are smelted, is mentioned by Pearce,® 

Table 67. — Analyses of Slags Rich in Manganese and Poor in Silver 


Fig. .321. — EiTt'Ct of MnO u|X)n formation temper- 
ature of a ferro-calcic silicate. 


SiOt 

FeO 

MnO 

CaO 

MgO 


Ag, oz. 
per ton 

Pb 

»g.6o 

33.00 

11.56 

14.22 

43.2s 

25. 7S 

7 50 
13.10 

Trace 

1. 00 

6.34 

Trace 

0.5 

1.4 

1 .0 


who obtained a slag of SiO? 48 per cent., MnO 30 per cent., and ZnO 12.5 per 
cent., some Mn (3 per cent.) also entering the matte (50 to 60 per cent 
Cu) as MnS. The oxidizing power for blende has been noticed in blast 
w. Sc. 

® Tr. A. 1. 1 L, 1%©, xxDq 704. 

*ZL 

• Tr. A. I. M. 
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roasting in a Dwight-Lloyd sintering machine. lies believes that in the blast 
furnace the amount of matte and speiss formed diminishes with the increase 
of Mn in the charge. Harbordt^ gives it as his e-vperience that the percentage 
of matte formed is not affected unless the Mn is present in considerable 
quantities. Furman^ says that with from lo to 12 per cent. MnO^ in the 
charge the oxidizing power is noticeable. Another peculiarity of MnO is that 
it reduces the dissolving pow’-er of a slag for ZnO, MgO, BaS, and ^let. As; 
some metallurgists hold that it increases the solubility of Met. S. 

137. Lime. — The manner in which CaO replaces FeO in a slag can be 
expressed by 4Fe0.2Si02 + 2PbS + 2CaO+2C = aPb -f- 2FeS -r 1 2CaO.SiO‘> + 
2Fe0.Si02)+2C0. 

The earliest record of making a high-CaO slag in a lead blast furnace is that 
by Griiner^ “who states that at La Pise the furnaces were run on theslag, SlGjf3o, 
FeO 40, CaO 20 per cent. This slag was brought into prominence in the United 
States by Anton Filers, and has become a stand-b}’ (type E, Table 64?. The 
first man to make independently a high-CaO slag w'as August Raht who in 
1881'* created the typical slag, G, Table 64, with SiOa 35, FeO 27, CaO 28 per 
cent. 

The effects that CaO has upon the formation temperatures of FeO-silicates 
have been shown in Fig. 318. The low' formation temperatures of the general 
run of calcareous slags makes them more fluid at the prevailing blast furnace 
temperatures than the ferrous slags of the same silicate degree : hence CaO is 
said to increase the fluidity of a slag. 

Schneider^ found that with slags containing much CaO less matte is formed 
than w'hen they are rich in FeO, and also that the matte is lower in Pb and 
higher in Ag. He explains it by saying that CaS is formed and then 
dissolved by the slag. Its presence in Leadville slags has been proved 
by Guyard,® in copper slags by Baikoff,’^ and in laboratory experiments 
by Schiitz.® The solubility of Met. S-ide in slag is small,® as slag at the 
utmost contains from 2.5 to 3 per cent. S. The dissolving power increases 
with the temperature and basicity, and varies with the character of the 
bases. Jiiptner^® gives the S-content of a ferro-calcic bi-silicate as 0.06 per 
cent,, and of a singulo-silicate as 0.62, 2-24 and 3.17 per cent.; he finds that 
an increase in the percentages of CaO, FeO, AlnO, and ZnO has a tendency 
to raise the S-content. The use of CaO in slags is limited by foreign matter 
in the ore, and especially by the presence of Zn. In a general w'ay it may be 

^ Private communication, July, 1891. 

School Min. Qtiart.^ 1892-93, xrv, 315, 

* Ann. Min., 1868, Xiii, 367. 

* EOers, Tr. A. I. M. E., 1915, mi, 734. 

* Tr. A. I. M. E., 1882-83, 3 a, 58. 

* Loc. cU., p. 73. 

^ Hofman-Mostowitch, Tr. A. I. M. E., 1910, xxr, 783. 

* MetmUmgie, 1^907, iv, '^7- 

» Hofman, p. 465* 

S$0ei xfp 
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said that with ziiick\' ores the less CaO and the more FeO a slag contains the 
better will the furnace work. It does not seem ad\dsable to go beyond i6 per 
cent, of CaO in a slag if from 9 to 12 per cent, of ZnO is present in the charge. 
For example, the quarter slag, C, Table 64, will readily hold 10 per cent. ZnO; 
the half slag, £,7.5 per cent.; the three-quarters slag, F, 6.5 per cent.; the one-to- 
one slag, G, hardly any at all. If the CaO-content exceeds 28 per cent, (accord- 
ing to some metallurgists, 24 per cent.), ZnO will not enter the slag, but forms 
in part a mush which incrusts the furnace, and is in part volatilized. A high 
SiOa-content appears to assist the ZnO to enter the matte; a low, the slag. 

The use of CaO lowers the specific gravity of the slag and therefore favors 
the separation of matte and slag. 

Limestone, CaCOa, is the rock which is used to furnish the necessary CaO, 
Under atmospheric pressure it is dissociated into CaO and CO2 at 910° C.^ The 
purer the mineral, especially the lower the Si02 and AI2O3, the greater wall be 
the CaO-content available as flux. 

Burnt lime is rarely, if ever, used in the blast furnace. Bretherton- states 
that at the American Smelter, Leadville, Colo., he used for 8 years burnt 
lime instead of limestone, with the result not only that the furnaces put through 
more ore with the same labor and fuel than with limestone, but that cleaner 
slags were produced. Some of the leading Colorado lead smelters experimented 
systematically for months with burnt lime and, finding no metallurgical or 
economic benefit, returned to the use of limestone. 

Burnt lime was used many years ago in the iron blast furnace, and is still 
so used in some instances in England. 

The supposed advantages were that more ore could be put through per unit 
of fuel in a given time (as 56 CaO charged are equivalent to 100 CaCOs) ; that 
the heat consumed by driving off the 44 CO2 in the blast furnace was saved; 
and that the partial reduction of the 44 COo by means of C did not occur. 
Gniner® calculated a saving of 10 per cent, of fuel by the use of burnt lime; 
Bell* made it only 3.4 per cent. The reason -why burnt lime in the iron blast 
furnace has been given up is that it absorbs CO2 and HoO-vapor from 
the furnace gases, a heat up to redness^ assisting the absorption of CO2, 
and CaOs parting even less readily with the combined H2O than with CO2. 
Though the absorption generates the same amount of heat that the expulsion 
consumes, it occurs in the upper parts of the furnace, warming the gases 
that are passing out; meanwhile the lower part is being cooled by the 
expulsion, and this has to be made up by an extra amount of fuel. If lime is 
to Ik; used, the lime must be burned in large pieces and the burning must be 
very complete and even carried to sintering, if possible {i.e., with impure 
limestone), so as to diminish the absorption of CO2 and H2O. The appa- 

^ Zavrieff, Cempi. rend.^ 1907, ojxiv, 428. 

® Eng , Mm. J ., 1893, *9^, 

*AMm. Mm., 1S71, xx, 325; mmI P^ykxk. 1872, cciv, 309. 

■* ** Chemical PlMsaouMam td Iixm Smdltiag/* Londoa, 1872, p. 138. 

» Bell, *“ Manuiacttii* Ijw» nwl StodL,*^ Loadon,. 35884, p.' #0. 
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ratus for burning lime must be easy to regulate and manage, so as to supply 
just the amount of lime required by the blast furnace, as storage and transporta- 
tion for any distance are out of the question. The fuel charged into the blast 
furnace must be dry, and the ore and iron flux not only drv, but free from 
CO2. Finally, the height of the furnace may have to be increased to prevent 
the furnace gases from passing off at too high a temperature. The many diffi- 
culties in the way of using burnt lime have deterred the iron smelter from it, 
and special economic conditions must prevail to make it profitable to the lead 
smelter, as for example, when on account of high freight charges burnt lime 
can be delivered at the smeltery at the same cost as limestone. The use of 
burnt lime in the iron blast furnace was again discussed by iron metallurgists, ^ 

138. Magnesia. — The effect of MgO upon a lead slag is to raise the forma- 
tion temperature. This is clearly shown in Fig. 322. Here the formation 
temperature, 1,150° C., of the basal slag, SiO^ 32.10, FeO 35.90, CaO 32.00 per 
cent., is seen to rise as soon as MgO is introduced to replace CaO in equivalent 
amounts. Beside raising the formation temperature, MgO makes the slag 
pasty and streaky. A slag may contain as much as 5 per cent. MgO and still 
run well from the overflow of a fore-hearth; if it contains more than 5 per cent, 
there is likely to be trouble.- If there is little matte formed, and a small over- 
flow-pot is used instead of a large fore-hearth, the content of MgO may go as 
high as 8 per cent., but even then the slag will chill very quickly when exposed 
to the cooling effect of the air (Federal, 111 .). 

This undesirable property of making a slag sticky is especially noticeable 
if the slag contains some ZnO; the two bases appear to intensify their properties 
of being difficult to slag. This is seen in Fig. 322. In a slag containing S per 
cent. ZnO and from 2 to 3 per cent. BaO, the presence of from 2 to 3 per cent. 
MgO shows a decidedly bad effect, and 5 per cent, causes trouble, the slag 
showing a tendency to freeze. Silicate of magnesia has a higher specific heat 
than silicate of li me- 
in calculating a charge, MgO is figured as replacing an equivalent amount 
of CaO, viz., CaO == MgO X 1.4. 

139. Alumma.® — From the composition of the t\q)ical lead slags it will be 
seen that the place AI2O3 occupies in lead smelting is generally a subordinate 
one. When it is present in large quantities, it becomes a question whether it acts 
as an acid or a base. It is known in a general way that with a high percentage 
of Si02, the AI2O3 acts as a base; with a low percentage it acts as an acid. lies* 
gives this as his experience in lead smelting. Austin® believes that with slags up 

^ Bell, J. Iron and Steel Inst., 1893, n, p. 274; 1894, ii, 38. 

Howden, op. cU., 1894, i, 85. 

Cochrane, op. cit., 1894, n, 62. 

Howe, op. cit., 1894, II, 87. 

Kosmann, Stahl und Eisen, 1S91, xi, 311. 

* Private communication by W. Allen Smith, August, 1917. 

® Henrich, Tr. A. I. M. E., 1916, LVi, 621, 943. 

* Min. Res. U. S., 1S83-84, 433- , 

« jSMf, Min. 1904, ixxvii% 253, 
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to 36 per cent. SiOs, the AI2O3 acts neither as a base nor as an acid, but is simply 
dissolved in the slag acting as a stiffening ingredient. A similar opinion is held, 
without limiting the SiO-content, by Dwight and Mathewson^ for lead and 
copper blast furnaces; Boggs- found that in a ferruginous copper blast furnace 
slag, he could neglect AhOs in his charge calculations as long as its amount 



Fig. 322. — Effects of MgO, BaO, and ZnO upon formation temperature of a ferro-calcic 

silicate. 

did not exceed 10 per cent. Mathesius® and Johnson^ state from their experi- 
ence with iron blast furnace that Al*Os is chemically indifferent in the forma- 
tion of slag; this does not agree with the researches of Rankin and Wright of 
the ternary sj^tem < 

^ Tr. d. 1 . M. B-t ngitO, cvi, €27, 542. 

* SiaM m. Msm, s 

* Tr, d, /. M, B., If 12, mnr, itjj iwi, ffi, 

* dw$. /. Sm 
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Hahn^ thinks that AI2O3 always acts as a base, and savs that an increase 
of AI2O3 requires also an increase of SiOj, or, what would be the same, a 
decrease in the bases. Schneider^ found that as a general rule an increase of 
AI2O3 called for an increase in the proportion of CaO. This may mean a 
decrease in SiOo, the AI2O3 acting as an acid. 

Howe , 3 summing up the statements of Hahn and Schneider, suggests that 
the part played by AI2O3 may depend upon the proportion of the other two 
fluxes, CaO and FeO, and that in calcareous singulo-silicates, low in FeO, AI2O3 
may act as an acid, and in ferruginous slags, low in CaO, as a base. The idea 
seems to be confirmed by the experience of Peters^ in smelting !!Mount Lincoln^’ 
ores in Colorado. Henrich® believes that AI2O3 always acts as an acid; he 



Fig. 323. — Effect of AI2O3 upon formation temperature of a ferro-calcie silicate. 

proposes two types of silicate aluminates: mono-silicate-aluminate (2AI2O3. 
38102) : (8 Metal Oxide+q Earth Oxide); OaHd Oi,aae==i : i- Bi-silicate-alumi- 
nate (2AI2O3. 98102 ) : (8 Metal+4 Earth Oxide); Oadd ■ Obaae = 2 : x. 

The experimental evidence of Hofman,’' given in Fig. 323, shows that replace- 
ment of Si02 by AI2O3 raises the formation temperature of 1,150° C. of the 
basal slag (Si02 32.10, FeO 35.90, CaO 32 per cent.), and that replacement 
of CaO lowers it to a certain extent. If the two replacements are combined, 
it ought to be possible to maintain the original formation temperature of i,i 5 °° 
Practical experience in smelting lead-bearing brick bats and other aluminous 
material of a refinery has corroborated this. If, e.g., with a slag, SiOa 3^? 
' 33, CaO 15 per cent., an aluminous material is to be smelted, parts of both 

^ Min. Res. U. 5 -, 1882, p. 328. 

* Tr. A. I. M. E.j 1882-83, XI, 57. 

* Eng. Min. J., 1883, xxxvr, 306. 

■* p. 322. 

® Tr. A. I. M. E., 1882-83, II, 310- 

^ Eng. Min. J., 1886, xm, 40, 75, xaSiBnU.A.I.M.E., November, 1916*, p- 2081; Fdwtiaxy, 
•, p. 2081; Junse, 1917, 1473; 0 otew»l. 

* Tr. A. J. Jf. 1899, xxiS;;, 710V 

. n 
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SiOa and CaO are best replaced by AI2O3, and the FeO left intact. The slag 
produced would have the following composition: Si02 30, FeO 33, CaO 12 + 1.6 
(equivalent to 3AI2O3), AI2O3 6(replacing bSiOs). The presence of AI2O3 has 
a tendency to make the slags glassy- If it is not found necessary to reduce the 
SiOa-content of the slag, the AI2O3 is figured into a charge as replacing CaO, 
that is, io3Al203 = 56CaO, or roughly 2AI2O3 replace iCaO. 

140. Fluorspar. — This is of less importance at present than used to be the 
case. It is known that with BaS04 and CaS04 it forms readily fusible mixtures, 
that it assists in the fluxing ZnS and ZnO, but the manner of its action has not 
yet been explained. The only research along this line is that of Karandeef^ 
w+o found that CaF^, melting at 1,378° C., formed with CaSiOs, melting at 
1,501° C., an eutectic ,vith 38.2 per cent. CaFa freezing at 1130° C. 

Its chemical effect in volatilizing Si as SiF4 need not be taken into considera- 
tion. Foehr^ claims that the presence of from i to 5 per cent. CaF2 in the roast- 
ing of ores in the reverberatory furnace saves fuel, and that adding it to the 
charge in refining lead prevents shots of lead from being retained by the lith- 
arge; but gives no proofs. 

If fluorspar is used in a smelting charge, one has to remember that its Ca is 
not available as a base for fluxing Si02, but remains in combination with FA 
Ores from northwestern Alexico often contain CaF2; the percentage of F has 
to be known before a correct calculation of the amount of CaO needed can 
be carried out. 

141. Slag. — There are four reasons for the use of slag in blast furnace 
charges: (i) It may contain too much Pb or Ag to be thrown away. (2) 
It makes the charge less dense. (3) It helps the actual smelting process because 
the slag, having been already melted, will remelt easily and promote the 
smelting of the ore itself; and (4), if it be more acid or basic than the slag that 
is being formed by the smelting mixture, it will act as an acid or basic flux. 

With a furnace running in a normal way, some rich (foul) slag is always 
produced. This is especiallj’* the case w+en the last slag in the furnace is being 
tapped, and the blast passing through the tap-hole blows out valuable parts, 
which enrich the slag in the pot (blow-pot). Then again, when much matte 
comes out with the slag, it is likely not to settle out perfectly. 

It used to be the custom to add w’aste, especially foul, slag to all blast furnace 
charges. With fine ores the addition amounted to as much as 25 per cent.; 
with coarse ores it reached 10 and 15 per cent. With fine ores the use of waste 
slag is necessary in order to keep open the charge so that the ascending gases 
pass evenly through it and do not form blow-holes. With coarse ores, as 
first proved by Wm. Wraith at Tooele, Utah,"* this addition is not only un- 


^ Zi. ajMfjj. Ckem,, igio, ixvni, iSS, 

Eng. Min. J., 1890, xiix, 706, 735. 

* Austin, Eng. Min. J., 1905, uooe, 865, 1222. 
Kneekad, iWrf, 1030, 1212. 

Dwight, SmM. A. I. M. JL, April, p. 469, 

* AnoUf Eng. Mm. J., cao, iioqi. 



SMELTING LEAD ORES IN THE BLAST FURNACE 323 


necessary, but distinctly harmful. Space is taken up by the slag instead of 
by ore-charge; fuel is required for smelting it; the return through values re- 
covered is too small to pay for the cost; the ZnO of the slag is returned to the 
blast furnace and interferes with clean smelting- In our days, a large part of 
the charge is made up of blast roasted material so that a loosening of the charge 
through waste slag is unnecessary; attention is given to a thorough settling of 
matte in one or two fore-hearths w'hen the metal retained by the slag is present 
in such a form that very little is recovered by resmelting. 

Slag more basic than the normal slag comes into play where, for example, 
matte is being concentrated in a reverberatory furnace, and the resulting slag 
contains much iron that is available for the blast furnace. 

In smelting the by-products of desilverizing works in the blast furnace 
without ore, the amount of slag added goes up as high as 50 per cent. 

142. Influence of Foreign Matter, Gypsum. — The mineral g\'psum, CaS04+ 
2H2O, does not occur frequently with lead ores; nor is it commonly used as a 
flux to furnish CaO for the slag; it enters, however, the blast furnace charge 
with blast roasted material. 

Gypsum begins to lose its combined water at 149“ C., and is dehydrated^ at 
The CaS04 formed- remains unchanged up to 1200' ; dissociation into 
CaO, SO2, and O begins at 1200° and increases at an accelerating speed with rise 
of temperature; at 1400° the partly decomposed sulphate fuses. In presence of 
Si02, the dehydrated CaS04 begins to be converted into CaSiOx at 1000“ C., 
the formation of silicate is complete at 1200". Ferric oxide, Fe^Os, begins 
to decompose CaS04 at 1100°, the decomposition is complete at 1250" with the 
formation of a ruby-colored eutectic.^ Heating with the reducing agents 
CO and O'* reduces CaS04 to CaS without loss of S. The reduction by CO 
begins at 700° C. and is finished at 900®; that by C in a neutral atmosphere 
begins also at 700° C., but is fiinished only at 1000®. Roasting CaS in 
pure dry air gives a product of CaS04 76 and CaO 24 per cent. The process 
is accompanied by a loss in S caused by the interaction of 3CaS04 and CaS, 
which begins at 800° C. and is intensified with a rise of temperature; the 
reaction, however, is not complete, owing to the CaO formed, w’hich forms a 
barrier between the active agents. If CaS04 is to act as a sidphurizing agent/ 
the ore, gypsum, and carbon must be intimately mixed, the mixture being 
usually briquetted; the formation of matte must take place in the upper part 
of the furnace where the charge is still solid, and the gases in the furnace must 
be strongly reducing, that is, CO must prevail largely over CO2. 

143. Barite. — This mineral occurs frequently with silver-lead ores. Pure 
BaS04® upon heating begins to give off SO3 at 1510® C., fuses at 1580°, and is 

^ Hofman-Wanjukow, Tr. A. I. M. E., 1912, xmi, 570. 

* Hofman-Mostowitsch, op. cii., 1909, xxxdc, 624; xl, 807. 

* Kohlmeyer-EGIpert, MdaUwgie, 1910, vn, 194, 225. 

Sosman-Mervin, Wash. Acad. Sc., 1916, vr, 532. 

^ Hofmaiirlfostowitscli, Tr, A. I. M. JEL, 19x0, l, 763. 

* Ho€man-Most0witscii, lac. 783. 

■ • Mostotritsch, 1^909, vt, 450; Mim. J., 1909, ixxxviii, fcs. 
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thereby further decomposed, but not wholly, as the fused mass is a mixture of 
BaSOi, and BaO. The presence of small amounts of impurities, trace of 

Fe, causes the dissociation to begin at a lower temperature. In the presence of 
SiOj, the decomposition begins at looo'" C. with the formation of silicate. 
Sub- and si ngulo- silicates begin to sinter at 1400°; sesqui-, bi- and tri- 
sllkate mixtures sinter at 1350", and fuse at 1400°. The decomposition by 
FesOa begins at 1100° C., and is not so energetic as that by Si02. The action 
of FeaOs increases with the amount used and with the temperature; thus 
iBaSOi-f 2Fe203 fuses at 1350® to a liquid consisting of BaO and FeoOa; 
iBaSOi+iFeOs and iBaO-hsFeaOa require 1400° for liquefaction, and even 
then the decomposition of BaS04 is not complete. 

Decompositions of BaS04 by SiOs in the presence of Fe and FeS have been 
formulated by Ballingd 2BaS04+8Fe+4Si02 = {BaS.FeS) + 7Fe0Ba0.4Si02, 
and by Schweder:" BaS04+Fe-f-2Si02==BaSi03+FeSi03“{-S02, and 3BaS04-f- 
FeS-f 48102 - 3BaSi03+FeSi03+4S02. The first equation explains the presence 
of BaS in a matte in the absence of C; equations 2 and 3 presuppose that 
SO2 and O have an oxidizing effect upon Fe and FeS. Ordinarily very little 
BaS is found in a matte; there are, how’ever, cases on record* in which matte 
contains from 4 to 24 per cent. Ba. 

Reduction‘‘ of BaS04 to BaS by C begins at 600° C., and is complete at Soo°; 
the reduction by CO begins at 650®, reaches 98 per cent, at 800°, 99.1 per cent, 
at 900®, and is complete at 1050®. The BaS formed is stable at 1000®, but 
gives off some S at 1200®. The investigations of Wells^ show that with H the 
reduction begins at 550® C., that bet’ween 600 and 700° much H2S is evolved, 
that at 800° the issuing gas contains very' little H2S, and that in the product 
the ratio of S to Ba is less than 1:1. He found that the reduction with CO is 
complete above 900®, and that some S is volatilized in the process; also that the 
reduction with C is completed only betw’een 1000 and 1100°. 

The great fluxing power of BaO is shown in Fig. 322. The formation 
temperature of the basal slag (Si02 30.10, FeO 35.90, CaO 32.00 per cent.) 
is seen to be greatly and evenly lowered through the replacing of CaO by 
BaO until six-eighths of the CaO has been replaced, when the temperature 
rises again. The slags formed are very fluid. The refractory natures of 
both and ZnO are readily overcome by Ba, as not only are their forma- 

tion temperatures lowered, but their irregular behaviors corrected. Thus 
BaO would be a very desirable flux, were it not for its high specific gravity 
which makes the slags heavy and thus hinders the desired separation of matte 
and slag. 

In computing a charge, BaO is figured as replacing CaO; BaO = CaO X 0.38. 
From what has besen said, it is dear that aJi the S contained in BaS04 can not 

* “ 0 »peiidiii» der Metalaigfecheii Cbesnie,” Bonn, 1882, p. 89. 

* Bgri. Brnimmu Z., iSM, xxv, 547, 

® jBwf. *879^ xxxf'ia, j8; Jr«w, 1879, 387- 

* MttstofwtocK, he,. £&, > , ' 
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be figured into the charge; if lo per cent, of it is assumed to enter the matte, 
ample justice will have been done. 

144. Blende. — This mineral ZnS, which is found with most lead ores, 
causes no end of difScuity in the blast furnaces. It is practically infusible; 
it is decomposed^ by iron oxides and silicates, the resulting ZnO entering the 
slag to a greater or less degree; metallic Fe liberates 2 n. Most of the ZnS in a 
blast furnace charge remains undecomposed, and enters matte as well as slag; it 
makes both less fusible, obstructs separation of matte and slag, and therefore 
causes matte to remain entangled in slag." If present to any extent, it forms a 
mushy matte which floats upon the normal matte and is difficult to tap; on 
analysis such a mush gave Easter^* InsoL 6.6, Fe 19, CaO 3.4, Zn 24.3. S 21, 
Pb 10, Cu 4.6 per cent. 

The addition of chalcopj’rite'* mends matters; but, as seen from Easter's 
analysis, its power is limited. 

If blende is present to a considerable extent in the ore, this must be roasted 
before it is smelted; blast roasting leaves a large part of the ZnS unchanged, 
as the operation is too quick for satisfactory oxidation. The roasting process 
is of course connected with loss, especially that of Ag. Simmonet'^ claims that 
with an addition of coarsely crushed limestone to the roasting-charge, most 
of the Pb and Ag pass into the more or less altered limestone, which then can be 
separated by screening from the finely di\dded zinc ore. The writer's experi- 
ments with this mode of operating have been anything but successful, lies® 
avoids the use of metallic Fe for the decomposition of ZnS, as the Zn-vapor 
liberated favors the formation of wall-accretions. 

The progress made in ore-dressing has greatly reduced the earlier difficulties 
encountered by the presence of blende, as this is generally removed before 
the ore is smelted. There exist, however, many deposits in which galena and 
blende are so intimately associated that a satisfactory mechanical separation 
has not been accomplished, at least so far. Two processes which may solve 
this difficult problem are on trial at present. One is electric smelting, which 
aims to recover lead, zinc, and matte, and to slag the remaining constituents 
of the ore; the other, roasting followed by lixi\iation with H2SO4 and electro- 
deposition of Zn, using insoluble anodes, the lead-bearing residue going to the 
blast furnace. Electric smelting has not been very successful. Many smelteries 
have erected leaching and depositing plants which work satisfactorily; the 
cost of the spelter produced is high, but the cost has to be borne by the ore, 
which otherwise could not be treated at all. The treatment of zinc-lead 
sulphides is a separate chapter which is better discussed under zinc than lead. 

1 Plattner, Berg. *Hmenm. Z., 1854, xiii, 81. 

* lies, School Min. Quart., 1S98, xix, 197. 

* Tr. A. 1 , M . E., 1915, Ln, 725. 

< Douglas, see BuB. A. /. M. E., Apri, 191 7» P- 765. 

Halm, Mim. Res. U. S., 1882, p. 343. 

Keflex, Tr. A.^ I. Jf- 1892--93, xxi, 71 
*870, ay,. ,, 

i... V ’ 
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The curves of Fig. 322 corroborate the practical experience that ZnO and 
MgO intensify the undesirable properties of each other; they also show that 
BaO overcomes them readily. 

There is much speculation in regard to the form in which ZnO is present in 
a blast furnace slag. From some slags a large percentage of ZnO has been 
removed by leaching mth NH4O or dilute H2SO4, which points to ZnO. The 
insoluble part is considered to be either ZnSiOj:^ or zinckiferous magnetite^ 
or iron-bearing zinc spinel, ZnAbO/ which may separate from zinc-iron slags 
with, sa3’, less than 10 per cent. AI2O3. 

145. Zinc Oxide. — This occurs in combination with CO2, Si02, and H2O 
in carbonate lead ores, or is formed in roasting blende-bearing sulphide lead 
ores. It is infusible in carbon-heated furnaces, but is reduced b^" C to Zn-vapor 
at temperatures ranging from 1007 to 1087° C. according to the physical nature 
of the oxide and the C/ and the Zn-vapor is readily oxidized by CO2, O, and 
HaO-vapor. 

It is difficult to slag ZnO. This is seen in Fig. 322, in which replacement of 
CaO b\’ ZnO in the basal slag shows great irregularity in the curve. This is 
due probably to the form in which the ZnO is present in the slag, as it may be 
simply held in igneous solution, or ZnSiO* may have been formed® and 
dissolved in the slag, or it may have combined wdth it in some unexplained 
manner. The slags made at Point Pirie, N. S. W., and Chillagoe, Queens- 
land, show compositions which at first sight differ entirely from those 
that are common elsewhere, as seen in Table 67. If, however, the ZnO 
and AI2O3 are assumed to form zinc spinel, ZnAl204, and the slag is 
recalculated on that basis, it is seen that the contents of Si02, FeO, and CaO 
show nothing abnormal. The following analysis of a slag, recently made in 
Colorado, gives evidence of Zn being present in the insoluble residue, obtained in 
the usual way by boiling the chilled sample in HCL The ordinary slag determina- 
tion gave: Insol. 29.4 (Si02 26.1), Fe 28.7, Mn 0.7, CaO 13.4, Zn 8.0, AI2O3 7.3, 
Pb 0.9, Cu 0.41, The insoluble residue was fused with alkali, taken up with 
acid, dehydrated, the Si02 expelled with HF, and the residue analyzed, giving: 
Fe 0.58, CaO 0.07, Zn 0.6, AI2O3 1.28. It is held that with a zinc-bearing slag 
which contains over 6 per cent. AbOs, there is a tendency to form zinc spinel. 

It has been stated in §137 that if ZnO is to enter the slag, the percentage of 
FeO ought to be high, and that of SiOa and CaO low. Table 67 gives composi- 
tions of slags which have been run more or less successfully. The furnaces of 

* Iks, Sckml Min. Quart., 1898, xrx, 197. 

Hutchings, Eng. Mim. 1903, ixxvi, 959. 

® Hutching, kfc. dt. 

Vogt, see below. 

® Stekner-SchuljK, Bo'g. HUttenm. Z., 1881, xx, 145, 150. 

J- H. L., “‘Die .Siticatsc h i tael rJfisaBg,” D543iwad, Christiania, 1903, 78, and “Min- 
eralbildung in ScinwAsMssen,” Caaamenneyer, Christiania, 1892, p. i'99. 

< Johnston, Tr. A. I. M. M., i©©?, xxxiriii, 656; 19(13, xxvri, 219.- 

* Stein, ZL amm-g. Ckem., 1907, 3 lt, 179, st^es that ZnSiOa melts at 1479° C,,- ! 
iSSo*, tempermtnxes Eneawarod a Wa 
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the Sophien Works and of Thomasville had bottom-tapped crucibles; the 
Colorado and North Carolina slags run high in CaO; they perhaps show what 
may be done, rather than what should be done. 

Table 67. — High-zixc Lead Blast furnace Slags 

! Port Pirie.i I Chillagoe.* Colo- : Harz Thcrrta-^vule.s Carlisle* 

; N. S. W. j Queensland rado» ' Pmssiai'a) X. C. 'a- N. M.' 


SiO* 

FeO 

MnO 

. 25 

! ^6 

Of 

0; 

oi 

28. Oj 26.9 
37.0; 26.2 
6.7 7-9 

29 

28 

8 

3 

5 

34; 35 
34 38 

16.90 
33 .03 

19-21 24 

39.85 29 

S 26. 0 27 .0 27-9 ,30 

4 33 .4 31 -5 33 -9 29 0 

38.44 
31 .82 3S - 27 

CaO 

. 12 

Oi 

i3-5i 16.2 

17 

63 

13 

6,03 

6. 88 24 



ZnO 

■ 13 

0! 

9-2j 12. 5 

9 

70; 

12 

19.64 

16.61 14 
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0! 

1 4-S 




6.31 
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3 

01 

3-4i 2.9 

3 

20 






Pb 


si 



88 






Cu 










0 24 0,29 











'PbOi fPbOj 

BaSO* 







10 .24 

II .64 . 


TTa;:e Trace 

Total. . . 

- 99 

■ s! 

99.5 98.83I 

98, 

.83 

98: 

94 19 

94-19 92 

9 



Pounds spi- 
nel in 100 

lb. slag... 8.1 11.34 IS -75 


(a) Furnace crucible-tapped. (&) In addition. ZnS. 6.71. 

1 Delprat, Tr. Austral, Inst. Min. Eng., 1907. xiii; Eng. Min. J., 1907. txxxiii, 317, 317. 

* Poole, Sidney University, Eng’g. Soc., Nov. ii, 1898. 

Hofman, Min. Jnd., 1909, xviii, 484. 

* Editor, Eng. Min. J., 1896, Lxri, 194. 

« Brauning, Zt. Berg. Hau. u. Sal. W. t. Pr.. 1877, xxv. 148. 

s Canby, Eng. Min. J., 1896, Lxri, 292. 

» Weinberg. Eng. Min. J., 1896, Lxn. 580. 

As regards the behavior of ZnO in the blast furnace, it may be said that if 
it is reduced to Zn in the lower part of the furnace by C, or to a slight extent 
by Fe, it is almost instantaneous^ volatilized. The vapor ascending carries 
with it Pb and Ag, and, being oxidized higher up by CO2 or H20-vapor or O 
from readily reducible oxide, carries off metal as dust, and forms oxide accre- 
tions on the sides of the furnace which begin about 7 ft. above the tuyeres 
and increase in thickness to the charging floor. It is claimed^ that a high- 
pressure blast counteracts this tendency. If this is the case, it cannot but be 
accompanied by increased losses in Pb and Ag. If ZnO, not reduced to Zn in 
its downward course with the charge, comes in contact v^ith PbS or PbS04 
in the presence of C, it may be converted into ZnS; in the presence of Fe it 
will remain unchanged. 

Zinc silicate is completely reduced by C at a white heat; it is not known at 
what temperature the reduction begins. 

If ZnO or ZnSiO* is to be slagged or dissolved, it may not be reduced to Zn, 
hence the smelting has to be done quickly and at a low’ temperature. This 
requires a slag not high in SiOs and with a preponderance of FeO. If, however, 
a slag high in CaO has to be made, it has become the practice to figure one- 
half of the ZnO as replacing an equivalent amount of CaO in the slag; CaO = 
ZnOXo.7. If this is done, it will be found that the total of SiOs, FeO and 
CaO win have to be made larger than the usual 90 per cent. The amount of 
CaO a slag may contain and still wrk sati^actorily has been givm in §137; 

^ Klcw, Emg. /., ;i907, uon, 
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it is further governed by the percentage of matte that is formed, the higher 
the matte-fall the lower the CaO-content of the slag. 

Processes for the recovery of Zn from slags in the form of ZnO have been 
put into operation by Pape-Witter-Babe^ and Divine.- 

146. Pyrite. — The mineral FeSa is present in most lead deposits. Heated 
to 700° C. with exclusion of air, it loses one atom of S, leaving a residue which 
is attracted by the magnet.^ The atom of S has to be provided usually with 
Fe to form FeS. There are on record cases in smelting anglesite ore in which 
the S passed off as SO2 and comparatively little matte was formed. 

Henrich^ gives his successful experience in smelting carbonate ores at Ben- 
son, Ariz., consisting of galena (15 per cent.) and anglesite (75 per cent.), with 
silver-bearing p\Tite. He obtained very little matte (20 lb. from 13 to 14 tons 
of ore), but considerable sulphur dioxide. This he explains as having been 
caused by the following reactions: 2FeS2-l-5PbS04-fSi02~5Pb-[-Fe2Si04+ 
9SO2; PbS04~hPbS==2Pb-f-2SO2. He says that the furnace ran rapidly and 
became very hot, so that the fuel (coke) had to be cut down from 12.5 to n 
per cent., the pressure of the blast being if s mercury. 

147. Chalcopyrite. — In the blast furnace the aim is always to carry the 
Cu into the matte, which it enters as CuoS. Copper, having a greater 
affinity than any other metal for S, wiU generally take up all the S in the 
charge to form CuoS, and what is left is then available for Fe, Pb, etc. If a 
charge does contain Cu and not enough S to form CuoS, some Cu will be 
reduced to metal and be alloyed with the Pb. The alloy hardens, sinks to 
the bottom, and closes up the passage of the lead-well. Such an alloy con- 
tained Cu 35.1 per cent., Pb 47 per cent., and Ag 170 oz. per ton (lies). 
There is one case where even with sufficient S to form CU2S the Cu combines 
with the Pb. This is when matte is concentrated in the blast furnace with a 
highly ferruginous slag. The affinities of Cu and Fe for S and Si02 seem to 
become disturbed. 

If the slag be too basic, the Fe takes up some S and goes into the matte in- 
stead of separating and forming a crust; thus some S belonging to the Cu may be 
taken away, and this alloys wdth Pb. Another way of explaining the fact would 
be that reactions between sulphides and oxides of copper take place similar to 
those of the reverberatory furnace, and the resulting metallic Cu becomes 
alloyed with reduced Pb. \^Tiatever may be the theory, the fact remains that 
any excess of Fe has to be avoided in the slag if the Cu is to be concentrated in 
the matte and not partly driven into the Pb. This is likely to occur when the 
matte contains about 12 per cent. Cu, and decidedly so with the increase of Cu. 

xivi, 237; Emg. Min. T., 1910, ijcxxix, 819; Min. Ind.^ 1910, xrx, 453, 

69*; 47 S» 

* MWfer, Mu. Chem. Emg.^ 191S, xm, 783. 

• ViiMtiac* Tn A. I. M. 78. 

C 5 *»W» I. xivni, 4<xx 

PfiMiricK SimM 

Barti^ JyWaifarffe, 19*% 
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148. Antimony. — Antimony occurs either as SboS^ or an oxide. The SbsSa 
behaves on the whole like PbS, but is much more volatile. If decomposed by 
Fe the resulting Sb is more likely to combine with Pb than it is to form speiss 
with any excess of Fe that maybe present. It may also be volatilized. The ox- 
ide is generally present as an antimoniate of lead or iron, and this, being reduced 
to an antimonide, combines with lead or speiss, if any is made, or with matte. 
The two main injurious effects of antimony, therefore, are that it causes loss by 
volatilization and impairs the character of the lead. Antimonia! speiss is 
rare, and in making up an ore-charge no account need be taken of the small 
quantity of iron likely to be consumed by the antimony. It forms occasionally 
in smelting antimony skimmings (see §262), 

Two difficulties have to be contended with in treating the antimonial by- 
products of refining works in the blast furnace. If the slag contains but little 
Fe,much antimony and lead are volatilized; if rich in Fe some speiss is likely to 
form, which either separates, causing the loss of the antimony, or becomes mixed 
■with the slag, making it rich. A ferruginous slag is generally preferred to one 
that is calcareous. 

149. Arsenic. — Arsenic occurs very frequenth’ in argentiferous lead ores and 
must not be neglected in computing a charge. It causes loss by volatilization 
and combines with the Pb, but not to .such an extent as Sb, as it has a 
great affinity for Fe and is likely to form a speiss. If it is necessary to consider 
the formation of speiss in making up a charge, it is advisable to figure 5 atoms 
As : I atom Fe, as this mixture is moderately fusible and pretty fluid wffien 
melted, does not readily form hearth accretions, and retains only very few 
shots of lead. It shows large cleavage planes similar to spiegel iron when 
broken. A speiss containing more or less Fe than called for by .the supposed 
formula Fe^As is not as easily fused, nor as fluid when melted; it is therefore 
more likely to form accretions and to hold lead in suspension. 

In making up a charge, if the ore does not contain too much arsenic, it is pos- 
sible to avoid producing any speiss at all by assisting part of the arsenic to pass 
off with the gases and the rest to combine with the lead and enter the matte. 
This can be done by making the charge open, by cutting down the fuel and 
thereby diminishing the reducing action, and by changing the proportions of FeO 
and CaO in the slag. It was once held that by cutt ng dowm the FeO, the re- 
quirement of SiOa for FeO to form slag would be so great that there would be 
none left for the As to form s{>eiss; and furnaces have been run successfully 
on this basis. On the other hand, Bretherton^ has shown that increasing the 
CaO-content is very effective in counteracting the formation of speiss- In 
smelting two ores, one with Pb 3.5, Fe 6.5, Mn 2.5, Zn 7.0, CaO 21.0, MgO 11.7, 
SiOa 8.5, AI2O3 i.o, As 3.5, S trace; the other with Pb 11.5, Fe 20.0, Zn 4.0, 
CaO 3.0, Mn none, MgO none, SiOa 30, As trace, S trace, and making a slag 
running high in CaO and MgO, fee produced no speiss whatever- The high 
content of MgO, of course, raised the formation temperature of the ^ag and 
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with it the temperature of the furnace, which in its turn greatly favored the 
volatilization of As through the open charge. 

On account of the high melting-point of speiss, it is necessary to have a high 
temperature at the tuyeres in order to prevent the speiss from chilling, especially 
as it floats on the lead and is covered by matte. With considerable amounts 
of speiss, it may be necessary to aim for a sesqui-silicate slag of high formation 
temperature.^ 

With a speiss-crust forming in the hearth of the furnace, scrap iron is fre- 
quently added to the charge to liquefy the crust. This is useful if the speiss 
does not contain enough Fe; it cannot do any good, if the accretion has been 
caused by an insufficient temperature at the tuyere-level, or by having kept too 
low the level of the lead in the crucible. 

150. Calculatioii of Charge, General.® — In calculating a charge for the 
blast furnace there have to be considered the weights of charge and fuel, the 
slag best suited for the ore, the amount of lead the charge is to contain, the rich- 
ness of the lead bullion that is to be produced, and the quantities of speiss, 
matte, and slag that will ensue. A complete calculation will give full informa- 
tion on all these points. 

The weight of charge to be introduced at a time into the furnace is governed 
in part by the amount of fuel required to smelt it, and the latter by the throat- 
area. In hand-feeding charges w'hich contain fine ores, the smallest amount 
that may be used is that which completely covers the preceding charge so as to 
form a distinct layer. Hahn^ ascertained the amount by placing on the feed- 
floor a -wooden frame of the same area as the throat, filling it with coke to form 
a layer, and then w-eighing the coke. If charge and coke are mixed, there is 
danger of the heat creeping up through the porous coke;'^ if the two are kept 
separate,* the ascending gas entering the porous coke layer will be distributed 
evenly over the whole area, and act effectively upon the overlying layer of ore 

* Henrich, Eng. Min. J., 1883, xxxvi, 211. 

* Murray, Eng. Min. J., 1887, iiir, 1S92, rm, 281. 

Newhouse, School Min. Quart. , 1887-88, rx, 373. 

Furman, op. ciL, 1892-93, xi\% 134. 

Furman, H, van F. -Pardoe, W. D., “Manual of Practical Assajdng,” Wiley, New York 
190*, 367. 

Saint Dizicr, Colo. State School Min. Sc. Quart., 1893, 50. 

Hersam (GrapMcaJ Method), Tr. A. I. M. JE., 1901, xxxi, 340. 

Chauvemst, Min. Reporter, 1907, lvi, 56, 76, 96, 148, 170, 190, 212, 264, 378, 396- 

Chauvenet, R.,, “Chemical Arithmetic and Furnace Charges,” Lippincott, Philadelphia, 
1912, p. »37. 

Richards, J. W., “ Mctallar^cal Calculations,” McGraw-Hill Book Co., New York, 1918, 
p. 593- 

Earl, Eng. J., 1909, ixjcsvn, 962. 

von Schlippeabacl^ MidoM. «, Ere., 1915, xir, 399. 

Dudley, MA Ckem. Emg., 1917, xvi, 87, 129. 

» Tr. Imst. M 

* Austin, Min. .Sc. Frees, 1907, xcaw, di. 
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and flux which, in the absence of coke, offers easy passages, but blankets the 
gases and compels them to force their way through. 

With mechanical feeding, it is not practicable to feed coke and charge in 
layers, the two becoming more or less mixed. If the charge is coarse, as is the 
case when it contains ± 70 per cent, of blast roasted material, an intimate 
mixing of coke and charge may even be advantageous,^ as the charge is open 
throughout and permits an even ascent of gases. 

The slag to be made will be governed by the character of the ore and the 
prices of fluxes that are available. The aim will be to acquire ores in such 
proportions that, when bedded or mixed, they will require the smallest amount 
of flux to form a slag of given composition. At present, very little barren iron 
ore is added to a charge. Some smelteries adhere to the tj’pical slags given in 
Tables 64 and 65; others deviate more or less from them as seen in Table 53. 

The amount of Tb in a charge, expressed in percentage of the sum of 
ore and flux, varies greatly. With furnaces having an Arents siphon-tap, it 
covers a range of from 6.5 to 40.0 per cent. With pure ore containing little or 
no Zn, As, or Sb, and not much S, it is safe to go as low^ as 8 per cent.; if these 
impurities are present to any extent, the charge should contain not less than 1 2 
per cent. Thus, with silver-lead smelteries in w'hich Pb mainly forms the means 
of collecting the Ag, the Pb in the charges ranges from 12 to 15 per cent. The 
lead plants of the Mississippi Valley (Federal, Collinsxdlle, Herculaneum) and 
the silver-lead works of East Helena, Mont.; Northport, Wash.; Kellogg, Idaho; 
and Trail, B. C., run charges with from 30 to 40 per cent. Pb. Charges running 
high in Pb have to be run somewhat differently from those that contain little 
Pb. The loss by volatilization is greater with a charge low' in Pb than with 
one that is high; the loss in Ag depends mainly on the loss of Pb. 

151. Calculation of Charge by Algebraic Method. — The ore for which the 
charge is to be calculated is a carbonate containing some galena. Its compo- 
sition is given in Table 68. A few assumptions have to be made in the cal- 
culation in order to simplify the work. 

The S-content is supposed to be all sulphide-S. If part of this S were sul- 
phate-S, a correction would have to be applied, as in the presence of both 
sulphide- and sulphate- S, or even of sulpha te-S alone, from 15 to 40 and even 
50 per cent, of the S passes off as SO2 and does not enter the matte. 

All the As is accounted for in the speiss, whereas ore blast furnaces in our 
days are usually run in such a manner as to avoid the formation of speiss, 
most of the As passing off with the gases, and some entering the lead bullion 
and matte. 


Table 68. — Analysis of Mixed Sulphide and Carbonate Silver-lead Ore 


SiOa FeO MnO CaO MgO BaO ZnO 

32,6 14,8 4.3 2,2 s.a-fi i-S ar.4 


As Fb Cu Ag, cm. An, 
2.5 j4.4i o.sj3».7| 2.9 50.S Trace 
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u: <39 .— Correct i:d Analyses of Charge-compgxexts 

SiO, FeO CaO ZnO Al^O:; S As Pb Cu Ag, oz. Au, oz. 


Lead ore 52-6 xg.i 10.16 2.4 • 2.5 4.4 0.520.7 2 .c so-S : Trace 

Iron ore.. 4-3 74 - 1 3 10 

Limestone. 2-7 ’ 4-5 53-9^ 

Coke-ash- 40.3 26.5 10.26 20.4 


The Zn present is figured as entering the slag, in which it replaces an equi- 
valent amount of CaO, though in reality perhaps only 80 per cent, does this; 
the rest being volatilized or entering the lead bullion, matte and flue-dust. 

No account is taken of the losses in Pb, Ag and Au. The three metals are 
assumed to be collected in the lead bullion, though as a matter of fact, one 
part is lost, and another goes into intermediary products, especially matte and 
flue-dust. 

It will be noted that the analysis shows no F. If this were present, a cer- 
tain amount of Ca, equivalent to that required by F to form CaF2, would be 
rendered unavailable as basic flu.x:. 

The actual dexfiations from assumed figures vary with the character of 
ore and slag, and the working of the furnace, so that the results of a computation 
usually do not correspond accurately with those obtained from the furnace, at 
least with a new ore. The slight deviations are, however, easily corrected when 
the weights and analyses of the first products have been obtained. 

The slag chosen for the charge is the type E (La Pise-Eilers), Table 64, with 
SiOa 30, FeO 40, CaO 20, RO 10 per cent. 

The charge shall weigh 1000 lb. and contain 10 per cent, foul slag of the 
same composition as the one that is to be formed. The weight of the coke 
shall be 15 per cent, of that of the charge. 

The two fluxes used are iron ore and dolomidc limestone. The anatysis 
of the former shows: SiOs 4.3, FeO 72.4, MnO 1.7, CaO 3.1 per cent.; that of the 
latter: SiO* 2.7, FeO 4.5, CaO 37.3, MgO 11.9 per cent. 

The coke contains 10 per cent, ash, which consists of SiOa 40.3, FeO 26.5, 
CaO 6.9, MgO 2.4, AbOj 20.4 per cent. 

Before beginning the calculation, it is necessary to bring the different slag- 
forming components of ore, flux, and coke under the three main heads of SiOs, 
FeO, and CaO. 

Fcarrous and manganous oxides, FeO and MnO, have nearly the same mole- 
cular weights, 72 and 71, hence the two oxides are simply added. In the 
decomposition of PbS, metallic Fe is the principal reagent, hence FeO has to 
be changed into Fe as shown hy FeOXj^ = Fe, or FeOXo.777 = Fe. 

Magneaa, MgO, and teryta, BaO, axe generally figured as replacing equi- 
vaJent amounts ei although, some metaEurgists object to this procedure: 

CaO : MgO= 56 : 40, €W«^MgOX.x-4; ■ in the saiae manner, CaO=BaOXO'-4. 

Zinc oxide, ZnO, is figured as replbong CaO in tike siagr*€aO = ZiiOXo.^ 
thus cutting down ti^ CaCNxmtsimt of tfe: 
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The analyses of ore, flux, and coke-ash, changed as indicated, are given 
in Table 70. 

In figuring the charge, four preliminary calculations have to be made: 

1. The amount of available FeO and Fe in the iron ore. 

2. The amount of Fe required by the As to form the supposed FejAs. 

3. The amount of Fe required to combine to FeS with the S not taken up by the 
Cu as CuaS. 

4. The amount of flux required for the 15 lb. of ash in 150 Ib. coke. 

Available FeO a 7 id Fe in Iron Ore. — In the slag, 30 SiO^ require 40 FeO. In 100 lb. 
iron ore there are 4.3 lb, SiO-i. These require 

Si02 : FeO = 30 : 40 = 4.3 : x, 

.r=5.7 FeO. 

The iron ore contains 74.1 per cent. FeO; deducting 5.7, gives 6S.4 ib, avail- 
able FeO, or %XFeO= 53.2 Ib. available Fe, in loc lb. iron ore. 

Arsenic and Iro 7 i. — 100 lb. lead ore contain 0.5 lb. As. 

As : 5Fe=75 : 280=0.5 : x, 

:r= 1.S6 Fe. 

How much iron ore will furnish this? 

Iron ore : available Fe= 100 ; 53.2, 

>‘=3*5 Ih. iron ore. 

Copper, Iron, and Sulphur. — 100 Ib. lead ore contain 2.9 lb. Cu. 

CuaS : S~ 126.8 : 32 = 2.9 : x, 
a; = 0.73 S. 

Of the 4.4 lb. S contained in 100 lb. lead ore, 0.73 ib. is required for the Cu; the 
difference, 4.4—0.73 = 3.67 lb., must be combined with Fe. 

S : Fe = 32 : 56 = 3.67 : y, 
y = 6.42 Fe. 

How much iron ore will furnish this? 

Iron ore : available Fe= 100 : 53.2 = 3 : 6.42, 
s= 12 lb. iron ore. 

There are required for the As and S in 100 lb. lead ore, 3.5-ri2-x = i5-b lb. iron 
ore. These contain 0.67 lb. Si02, n.56 lb. FeO, and 0.48 lb. CaO. Only the non- 
available FeO, that is, the FeO in combination with Si02in the ratio of 30 SiOs ; 40 FeO. 
enters the slag, viz., 0.89 lb.; the remaining 10.66 lb. available FeO having been used 
up as Fe to combine with As and S to form speiss and matte. 

The 0.67 lb. SiOs have to be supplied wdth CaO in the ratio of 30 SiO; : 20 CaO: 
SiOa : CaO =30 : 20=0.67 : x, 
a;=o-45 lb. CaO. 

This amount may be considered to be balanced by the 0.48 lb. CaO present in the 15.6 
lb. iron ore. If this were not the case, the 0,44 lb. CaO would have to be supplied from 
limestone. 

Limestone : CaO= 100 : 54.0= y : 0,45. 

Furnace-men calculate the amounts erf FeO and CaO necessary to flux the SiO* of 
a coke-ash or a sificious lead oce .dither the algebraic method, using lequatioiJS with 
two unknowiis, or by tJbe system using prO'portibns., which, h tie more 

common mode of procedure. 
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The Algebraic Method is taken up first. 

Cokc-ash , — Starting with loo ib. coke-ash, the amounts of iron ore (x) and lime- 
stone (>') necessary for fluxing SiOsj in the ratio of 30 Si02 : 40 FeO : 20 CaO can 
be found expressing the amounts of FeO first in terms of CaO, then in terms of 
SiO-.*, and finaily putting these quantities equal to each other, when x and y can be 
easily calculated. ^ 

Let Si02==c,Fe0 = a, CaO = Z); thenFeO: CaO = <j:h, FeO= XCaO; and FeO : SiOj 

= a:€f Fe=^XSi02. 

The necessary analytical data are given in Table 70. 


Table 70. — Cokrected Axalyses of Coke-ash axd Fluxes 


Desired 

amount 

;M ate rial 

: SiOj 

FeO 



CaO 

100 

Coke-ash 


1 26.5 

10.3 

X 

Iron ore 

i 4-3 

i 74-1 

31 

y 

Limestone 


4-5 

54-0 


(1) FeO=~CaO, 

40 

26.5-f o.74ix-f o.o45y= ^-(10.264-0.03 i2:-f 0.543'), 
a:=i.524y— 8.S1. 

(2) ""sio 

26.54-0.7410: 4-o.o45y=^(4o.34-o.043:r-f-o.027y), 


(3) i.524y-8.8i=39.77-o.oi3y. 

y = 3i.6 lb. limestone, 
a: = 3g.4 lb. iron ore. 


Lead Ore. — Starting with 100 lb. lead ore, the necessary analyses are given in 
Table 71. 

Table 71. — Corrected Analyses for Lead Ore and Fluxes 


Desired 

amount 

1 Material 

j SiOa 

FeO 

CaO 

100 

j Lead ore. 

! 32.6 

19. 1 1 

10.2 

X 

I Iron ore 

....1 4-3 

74,1 1 

3-1 

y 

J Limestone 


4-5 

54-0 


19.1-4-0. 


(i) 


20 ^ 


a 


sr 


( 2 ) 
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(3) 1-8+1.32^=63.46— o.oi3_y. 

>’=22.4 lb. limestone, 

*=35-3 lb- iron ore. 

Summing-up . — In making up the desired charge of looo lb., there have to 
be taken into account, first, 15 lb. coke-ash requiring 5.9 Ib. iron ore and 4.7 lb- 
limestone, and 100 lb. foul slag, which makes a total of 125.6 lb.; secondly, the 
difference 1000 — 125.6 = 874.4 lb., which is to be made up of lead ore and its 
fluxes. Now 100 lb. lead ore were found to require 35.3 lb. iron ore and 22.4 lb. 
limestone for slagging the SiOa, and 15.6 lb. iron ore for combining with As 
and S; this gives a total of 173.3 lb. The factor .r, by which this weight has 
to be multiplied to give 874.4 lb., is obtained by i73.3:t' = 875; 2: = 5.o46. 
TMs gives the charge: coke-ash, 15 lb. (150 lb. coke); foul slag, 100 lb.; lead 
ore, 504.6 lb.; iron ore for SiOo, 178.1 lb.; iron ore for As and S, 78.7 lb.; lime- 
stone, 1 13 lb.; which makes, with the iron ore and limestone required for 
the coke-ash a total of 1000 lb. This is showm in Table 72- 


Table 72. — Summary of Calcclated Charge 


Material 

SiOa 

FeO CaO ZnO A! -Os 

Name 

Dry- 

weight, 

lb. 

Per 

cent. 

Lb. 

Per 

cent. 

- , ; Per _ , Per Per _ , 

Lb. i ^ Lb. ^ Lb. ^ Lb. 

; cent.; cent. cent. 

Coke-ash 

Slag 

15-0 

100.0 

504.6 

184.0 

78.7 

117.7 

40.3 

30.0 

32.6 

4-3 

4-3 

.. 7 | 

6.0 

30.0 

165.5 

7.9 

3-4 1 
3-2 

26.5 

40.0 

19. 1 

74-1 

74-1 

4-5 

4.0 :io.3 1.5 20.4 3-1 

Lead ore 

Iron ore (SiOa) 

Iron ore (As, S).. . . 
Limestone 

96.4 1 10. 2 51-3 2-4 121 2.512.6 

136.3 ! 3-1 5-7 

, 58.3 1 3.1 2.4 

e . s.-t 0 6'3 - 

Totals 


1,000.0 


216.0 


T1^ A T !» T T? T 



^ \ * W 1 ^ 


Material } Ag 

Pb As 

Cu S 

Name 

Dry- 

weight, 

lb. 

Oz. 

per 

ton 

Oz. 

Per 

cent. 

-r , , Per - , i Per _ , Per _ , 

Lb. : ^ Lb. ; ^ Lb. ^ Lb. 

cent. cent. cent. 

Coke-ash 

15.0 

100.0 

504.6 

184.0 

78.7 

119.7 




! 1 






1 1 

; ‘ ; 


So-S 

12.8 

20. 7 

104.5 

0.5 


Iron ore (Si02) 

• 


Iron ore (As, S).. . . 
Limestone 






i 








1 ! 


Total 









1,000.0 


12.7 


104. 5 


2.5 



Factor 




0.1385 

104. 5 lb. lead fanlion, as- 
saying 243 osK. per ton 

1 1 . 8 lb. 

'Speiss 

69.9 Ib. matte 

1 
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If tlie slag ratio is to be SiOa 30: FeO 40 : CaO 20, the 216 lb. Si02 will 
call for 2i6X:f;i = 2SS lb. FeO, and 2i6Xri = i44 lb. CaO in the slag. The 
CaO is seen to balance the corresponding column in the table, but there is 
left a balance of 340.3—288 = 52.3 Ib. FeO in excess. This will be required 
to furnish the E'e for the speiss and matte. 

In 1000 lb. charge there are contained 104.5 lb. or 10.45 cent. Pb. This 
104.5 lb. Pb collects the 12.7 oz. Ag, hence the lead bullion wall assay 243 oz. 
Ag per ton, presupposing that all the Ag has entered the Pb. 

The charge contains 2.5 lb. As which with 9.3 lb. Fe forms 11.8 lb. 
speiss. 

The 14.6 lb. Cu of the charge, requiring 3.7 lb. S, will form 18.3 lb. CuoS. 
Deducting the 3.7 lb. S from the total of 22.2 lb., leaves 18.5 lb. w'hich, with 
32.4 lb. Fe, give 50.9 lb. FeS. The total matte formed will be 18.3+50.9 = 
69.2 lb. This presupposes that the matte is free from Pb; actually it contains 
io~i2 per cent. Pb. Table 72 further shows that there are 10 per cent, slag 
and 1 5 per cent, coke on the charge. 

It will be noticed that in summing up the results of the calculation, the 
weight of the coke-ash (15 lb.) has been included, although not that of the coke. 
This is not usually done by lead and copper smelters w'ho, contrary to the prac- 
tice of the iron smelter, include only ores and flu.xes, and not the fuel. In this 
instance the coke-ash has been added for the purpose of bringing together in 
the table everything that influences the formation of the slag. 

In making up the charge for the blast furnace, the moisture has still to be 
considered. If the lead ore contains, for instance, 5 per cent, of moisture, 
531 lb. of moist ore wall have to be used to correspond to 505 lb. of dry ore: 

Moist Ore : Dry Ore == 100 : 95 : ; x : 510; .r= 531- 

The same is the case with fluxes and fuel. 

It is to be noted that figuring a charge according to the algebraic method has 
one great advantage over the method next to be described, viz., that it shows in 
what proportions any three classes of silicious, ferruginous, and calcareous ores 
are best mixed so as to become self-fluxing. 

152. Calciilati<m of Charge by the Method of Proportions. — Ore, flux, fuel, 
and slag are the same as in the preceding computation. 

The preliminary calculations, such as bringing the different components of 
ore, flux, and fuel under the heads of SiOa, FeO, and CaO, are made as before. 
The total weight (1,000 lb.) that the charge is to have, and with it the percentage 
of fuel (15 per cent.) and slag (lo per cent.) to be added are fixed. The avail- 
able FeO and Fe of the iron ore are determined as in §151. 

Two calculations are now necessary to determine the amoimts of iron ore and 
limestone required by the coke-ash and by the ore. 

C&k€-mk . — The analyses of the ash and the two fluxes, iron ore and 
lim^one, are entered in TaWe 73, The 150 lb. of coke contain 15 lb. of 
ash; for these tl« totafe of StOh, FeO, ai^d CaO are figured and entered in 
Umj’ table. 
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There are present 6.04 lb. of Si02; how much FeO is required? 

Si02 : FeO ; 130 : 40 : : 6.0 : x; 
x = S.o lb. FeO necessary; 

4.0 lb. FeO is present. 

The difference, y = 4.o lb. FeO to be added- 
To find the necessary iron ore: 

Iron ore : Available FeO : : 100 : 68.4 : : c : 4.0, 

2 = 5.9 iron ore. 

They are entered in the table; their total pounds of SiOa, FeO, and CaO 
are figured and also entered. 

To the previous amount of 6.0 lb. SiOo has been added, by the iron ore, 0.3 
lb. SiOa, making the total SiOo, 6.3 lb., for which limestone has to be provided. 
How much CaO is required? 

Si02 : CaO : ; 30 : 20 ; : 6.3 : u, 
u = 4.2 lb. CaO necessary; 

1.7 lb. CaO is present. 

The difference, ^> = 2.5 lb. CaO to be added. 

To find the necessary’' limestone (neglecting the small amounts of SiOs and 
FeO it contains) : 

Limestone : CaO : : 100 : 54.0 : 2.5, 

w = 4.6 lb. limestone, 

which are entered with the pounds of CaO the\' bring to the slag. 


Table 73. — Calculation of Fli-nes fos Coke-ash 


Material 


SiO: 


FeO 

CaO 



Dry 

! Per 





Name 

weight, 
lb. 1 

cent. 

Lb. 

^ Lb. 

cent. 

cent. 

Lb. 

Coke-ash 

1 iS-o 

40.3 

6.0 

26.5 4.0 

10.3 

^ - 5 

Iron ore 

5.9 

4-3 


4.4 

3 - 1 

0. 2 

Limestone 

4.6 

2.7 


4-5 


2 • 5 

Total 

25-5 


6.3 

S .4 


4.2 


The weights of iron ore (5.9 lb.) and limestone (4-6 lb.) are practically th€l| 
same as those found by the algebraic method (5.9 and 4-7)* 

For the required slag ratio of SiOj 30 : FeO 40 : CaO 20, there would 
then be required to accompany the SiO®, 6.3X^3 = 8-4 ih. FeO, and 
6.3XM = 4.2 lb. CaO, which check with the amounts shown in the table. 

Deducting 125.5 lb. (the sum of the slag and coke-ash with its iron ore 
and limestone), from the total wei^t of the charge of 1000 lb. pves S74.5 lb. 
as Qoitfjared with 874.4 lb-, as calculated in §151, to be madb up by the ore 
.u, .... , , „ . 
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Lead Ore . — Table 74 is laid out for the ore; the analytical data are entered, 
and the calculation is made on a basis of 100 lb. 

1. The amounts of iron ore required (ii^.6 lb.) by the As and S are calculated 
as in §151, and the results are entered in the table. 

2. The 100 lb. of ore contain 32.6 lb. SiOe, for which the necessary FeO 
has to be pro\dded: 

SiOo : FeO : : 30 : 40 : : 32.6 : x 
.x — 43.5 necessary; 

19. 1 lb. FeO is present. 

The difference, y = 24.4 lb, FeO to be added. 

To find the necessary iron ore: 

Iron ore : Available FeO : : 100 : 68.4 : : s : 24.34 
2 = 35.5 

3. To the 32.6 lb. SiOa of the ore have been added from the two additions 
of iron ore, 0.74-1.5 = 2.2 lb. SiOz, making the total of 34.8 lb. of Si02, for 
which CaO has to be pro\nded: 

SiOs : CaO : : 30 : 20 : : 34.8 : u; 

« = 23.2 lb. CaO necessary; 

1 1.8 lb. CaO is present. 

The difference, j? = ii.4 lb. CaO to be added. 

To find the necessary limestone (neglecting the small amounts of Si02 and 
FeO it contains): 

Limestone : CaO : : 100 : 54.0 : w : 11.4; 
lb. limestone, 

which is entered upon the table. 

Checking the calculation from the slag ratio, Si02 30 : FeO 20 : CaO 20, 
shows for 34.S lb. SiOs a requirement of 34.8XM = 46.4 lb. FeO, and of 
34.8X^3 = 23.2 lb. CaO. The CaO checks with the figure in the table; the 
FeO leaves an excess of 57.0—46.4=10.6 Ib. FeO, which is equivalent to 
8.2 lb. Fe, and is needed to supply the 1.9 Fe for the speiss and the 6.4 lb. 
Fe for the matte. 


T.4BLE 74. — Calculation of Flunks for Lead Ore 


Material 

1 

SiOa 

1 FeO 

CaO 

Name 

pila 
® ii 

Per 

cent. 

Lb. 

Per 

cent- 

Lb. 

Per 

cent. 

Lb. 

Ore.. 

100 

32.6 

32.6 

i 19. 1 

19. 1 

10. 2 

10. 2 

Iron ore for As and S. 

iS-6 

4 3 

0.7 

1 74.1 

II .6 

3-1 

0-5 

Iron ore for SiO* 

3 S.S 

4-3 

1 

i 74.1 

26.3 

31 

I- X 

Limestone i 


2.7 


i 4-5 


54 0 

II .4 




i 



Total 

172.3 


34.8 


57-0 


23.2 
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The figure found for iron ore, 35.5, checks sufficient^ close with the 
35-3 Ih. found by the algebraic method; that for limestone is slightly lower 
(21. 1 vs. 22.4 lb.), as the SiOa and FeO contained in the limestone have been 
neglected, making the available CaO 54.0, which is slightly too high. 

If the items of the ore charge are now multiplied by 5.046 (as in §151) and 
those of the coke charge added, the sum of 1000 lb., the entire charge, ’ndll 
again be obtained. 

153. Chemistiy of the Blast *Fumace, General. — This subject has not yet 
been fully studied; a theoretical discussion is contained in Guyard's paper 
“Argentiferous Lead Smelting at Leadville.”^ 

The two leading processes that take place in the blast furnace are reduction 
and precipitation, and incidentally sulphurization, at temperatures ranging 
from 1100 to 1200° C. at the tuyere-level to 150’^ at the throat of the furnace. 
The charge, ore, flux and coke, fed at the throat, is subjected in its passage down 
the shaft during about 6 hr., at gradually increasing temperatures, to chem- 
ical reactions and physical changes which result in transforming it into lead 
bullion, speiss, matte, slag, and gases; the liquid products are collected, and the 
gases pass off into the open. 

The principal reducing agents are C and CO. 

The C is derived from the coke. It acts upon metallic oxides as soon as with 
rise of temperature its affinity for O is greater than that of the metal combined 
with O; it begins to act at about 400® C., and its affinity for O increases with the 
temperature. The product of oxidation is CO2, if it acts upon an oxide easy 
of reduction, say below 1000® C.; it is CO, if the oxide is difficult of reduction, 
say above 1000° C.: .2Pb0+C = Pb2+C02; FexOj,_i 4 -C = FexOj,-^3CO: 

Fe:. 0 „+yC = xFeO+yCO. 

The CO is derived from the combustion of C at an elevated temperature: 
2C+02=2C0; from the action of C upon Met. O above looo" C., and upon 
CO2 at any temperature above 400° C. The reducing povrer of CO, which 
begins at above 200° C., is favored by an increase of temperature to about 
1000° C., and then falls off very quickly. 

The leading precipitating agent is Fe; other metals, however, may act in 
a similar manner if they have greater affinities for S than the Met. S to be 
decomposed. Fournet^ placed the leading metals according to their affinities 
for S in the following order: 

Fournet Series: Cu — ^Fe — (Co — ^Ni) — ^Sn — Zn — Pb — ^Ag — ^Hg — ^Au — ^As — 
Sb. The more recent work of Schiitz® gives: 

Schiitz Series: Mn — Cu — Ni — Fe — Sn — ^Zn — Ag. 

Thus Schiitz has reversed the order of Fe and Ni of the Fournet series, and 
has added Mn. In lead smelting, MnO * is not reduced to the metallic state and 
can be left out of consideration as far as precipitation is concemedL 

^ Emmons, “Geology and Mining Industry of Leadvilie,” monograph xn, 27 . S. Geni. 
Survey, Washington, 731- 

^Amt. Min., 1833, iv, 3, 225- 



340 


METALLURGY OF LEAD 


Precipitation, or decomposition of Met. S by metal, begins at about 900^ C.;^ 
the velocity of reaction increases with the temperature and reaches its maximum 
at tuyere-level, or at from 1100 to 1200® C. The reversibility of the reaction 
Met'S+Met'':p:i]Met'+Met"S counteracts the complete decomposition of 
Met'S. 

The behaviors of the leading components of a lead charge under furnace 
conditions have been outlined in §21-41 and 34-1 50. There remain to be con- 
sidered the changes Ag2S and AgCl (BrI) may undergo, and the effects mix- 
tures of CO2 and CO in the ascending gas current have upon C and Fe^Oy, as 
well as of C upon FexOy. 

AgaS and Ag, which melt at 815 and 960° C. respectively, form at 903° 
mixtures containing from 17.25 to 94.25 per cent. Ag, which separate into two 

layers,^ and at 804° C. an eutectic 
with 99 per cent. Ag2S. The 
sulphide, AgoS, heated with PbO 
is readily decomposed: Ag2S4- 
2PbO = 2 (Pb . Ag) +SO2 heated 
with S-ides it is likely to form 
eutectic mixtures and solid solu- 
tions (see Matte, §179); heated 
with metals having a stronger 
affinity for S than Ag, it is decom- 
posed only in part, for similar 
reasons. Thus Mostowitsch^ 
formulated its behavior with Pb by 
2 AgoS + 2Pb = AgsPb + AgaS .PbS. 

The chloride, AgCl, which is 
readily volatile, is reduced to the 
metallic state when heated with 

Zn or Fe or Cu or Pb or Sn or Sb or Bi.^ 

Au follows Ag in most fire-processes. 

The reaction C03-|-C5=^2C0 begins at 550° C., but is likely to be incomplete 
on account of the reversibility of the equation.- The research of Boudouard® 
has shown that reduction stops at 650° C- with a gas-mixture of CO2 61-}- CO 39 
per cent. voL; at 800° with CO2 7-4-CO 93 per cent. ; at 950° with CO2 4+CO 96 
per cent- BDb equilibrium diagram for different volumes of CO2 and CO in 
contact with C is ^own in curve I of Fig. 324. If the curve is read from right 
to left, it will give the conditions of equilibrium of the ascending gas current. 

At 900 or say ickdo® C., no CO2 can be in equilibrium with CO in the presence 

* Schfite, Im. ciL 

* Tr. Clum, Sm,, 1914, cv, 1223; J. Imi. Met,^ 1914, xn,- 293. 

* Percy, of 3 'm- aad GiAl,*'* LcwKfen, iSSc^ pt. 1, p. 38 

* Ckem. 1916, xnr, toj. 

» Percy, 0p.. p. 93. 



Fig. 324. — Equilibrium diagram of and 

C in mixtures of CO and CO3 (Bauer- Glassner, 
Boudouard.) 
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of a sufficient amount of C, hence the C at the tuyeres ought to burn to CO. 
If, nevertheless, much CO2 is formed in the lead blast furnace, this is caused 
by the small amount of C present at the tuyere-level, which cannot reduce all 
the CO2 formed, and the excess of air blown in, which oxidizes a large part 
of the CO formed. The mixture of CO2 and CO rises quickly into the cooler 
regions above. 

At Soo'^ C., about 4 ft. above the tuyeres, 10 per cent. vol. CO2 is held in 
equilibrium as regards C by 90 per cent. vol. CO; at 550', about 15 ft. above the 
tuyeres, 90 vol. COad-io vol. CO have no effect upon C. Below 500 or 400®, 
when CO in the presence of C cannot be in equilibrium with CO2, the reaction 
of carbon deposition, 2C0 = C02-hC, may be expected with oxides difficult of 
reduction. 

Curve II exemplifies the limits of the reaction Fe-j( 

At 550° C. a gas of the composition 56 vol. C 024-44 vol. CO is in equilibrium 
wdth Fe304. A gas with 60 vol. CO2-I-40 vol. CO containing an excess of CO2 
over that demanded by the equilibrium will show a tendency to be changed 
into S6CO2+44CO, that is, to give off O; hence it will act o.xidizingly upon 
Fe304. A gas of the composition 50 vol. CO2-I-50CO, for analogous reasons, 
will have a reducing effect. 

With regard to C, both gases wall have an o.xidizing bent at 550^. 

Curve III in the same manner gives the limits of the reaction FeO-l-CO 
^Fe+C02. At 750°, a gas of the composition 39 vol. C02-!-6i vol. CO will be 
in equilibrium with FeO. At points A and B only, that is at 6S0 and 700" C., 
can there exist a perfect equilibrium between C, CO, CO2, FesO^ FeO , and 
FeO(Fe); at other temperatures it is disturbed. If the iron ore used a.s ffux 
CO 

were solely Fe304, the ratio would have to represent values lying above 
the fuU-drawn lines. 

In applying the foregoing to the chemistry of smelting in the lead blast fur- 
nace, it is convenient to consider separately the quickly ascending gas-current 
and the slowly descending ore-charge. 

154. The Ascending Gas-current. — ^There have not been published any 
analyses of gases formed at the tuyeres. ScherteP calculates from his analyses 
of gases passing off at the throats of Freiberg lead blast furnaces that at the tu- 
yeres C burns mainly to CO2- Fig. 325 represents averages of a large number 
of gas analyses made in 1905 from a Colorado blast furnace, the slag of which 
gave with a Wanner pyrometer 1120° C. when flowing from the tap-hole. The 
abscissae represent percentages volume of CO2, CO, and O ; the ordinates give 
in feet the vertical distances from the tuyeres at which the sampling-tube was 
inserted. At i ft. above the tuyeres the curves show 8 vol. CO, 12CO2 and 0.2 
free O, Table 75 gives analyses of waste gases passing off at the throats of 
furnaces at Freiberg, Saxony, and at Denver and Pueblo, Colo. At the 
Freiberg works the ore-charge consisted erf sl^-roasted lead ore, slag, and 
burnt pyrite; the slags fomifid.' mntained 4.75 per cent. CaO and 0-54 per cent. 

^ i 88 a ^ 37 ; iSSo, xxxex, S5. 
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MgO, so that the CO2 from dolomitic limestone present could not have much 
influence upon the COa-content of the gas. At the Colorado works, bedded 
mixtures of raw and roasted ores were smelted with high-CaO slags. 



Fig. 325. — Percentages of O 2 , COi and CO 2 in lead blast furnace gas at different heights above 

tuj'ere-level- 

T.vble 75. — Analyses of Waste Gases of Lead Blast fuenaces 

Freiberg, Saxony (a) Denver, Colo. (5) | Pueblo, Colo, (c) 


Ore smelting Slag smelting Globe plant Filers plant 



It will be noted that the excess of CO2 over CO in the gases issuing from 
the throats of the furnaces, represented in Fig. 325, is much larger .than that in 
the gases taken 1 ft. above the tuyeres; hence C will have been largely burnt 
to CO2 by contact with oxides easy of reduction, and CO will have acted more 
or less as a reducing agent. Table 75 shows that the ratio of CO2 : CO with the 
low-CaO. slags of Frdbcrg is hi^er than with the high-CaO slags of Denver. 

It may be a^umed that at the temperature of the tuyere-region of iioo®- 
1200® C., the C of the coke wifi bum more to COt than to CO- The mixture 
of CO®, CO, and H H and SOa) ascending in the farnacej 

ows, Fig, 325, an inanease in njowie!^)mMfii^,^|ec3:e^.ja.€0i«iA^ 
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about 900°, the COg-content ought to be considerably increased by the dis- 
sociation of the limestone flux; but, if the straight-line curves represent true 
averages, the CO2 acting upon C must have been in part reduced by the coke, 
as indicated by curve I in Fig. 324. On the other hand, solid C acting upon 
oxide difl&cult of reduction must have increased the CO-content. Just what are 
the mutual relations between the several reactions requires systematic 
investigation to determine. 

Analyses of throat-gases from Altenau and St. Andreasberg, Harz 
Mountains, by K. Waldeck^ show a great preponderance of CO over CO2 as 
shown in Table 76. 


Table 76. — Analyses of Gases from Lead Blast furnaces of .Vltenau and 
St. Andreasberg 


Altenau 


Sample, feet 
above tuyeres 

CO3 

CO 

I. IS 


20.4 

3-93 

6 . 1 

30.3 

7. 22 

7.8 

21 . 8 


1-5 

I . I 


St. -Vndreasberg 


nple, feet 
ve tuyeres 

COa 

CO 

0-49 

6 . S 

17 ■ 7 

2.36 

3 : 1 . s 

IS .S 

4.61 

; 10.9 

14.9 

6.56 

S.i 

X 3.2 


This may be as ascribed to the practice of smelting raw galena concentrate 
with burnt pyrite as flux. Such a process requires a plentiful reduction of 
Fe203 to Fe accompanied by the formation of CO in preference to CO2. With 
the large excess of CO over CO2J there is less likelihood of the gas-mixture 
having any oxidizing effect upon the coke; on the other hand, it ought to 
furnish a greater reduction of metallic oxide than under reverse conditions. 

A comparison of the gases from slag- and ore-smelting at Freiberg in Table 
75 indicates that in the latter operation the precipitation process is more 
prevalent than in the former, in which ore-slag with from 3 to 6 per cent. Pb 
is put through the furnace with an addition of 20 per cent, imperfectly roasted 
matte furnished by the ore-furnace. 

155 * Descending Ore-charge. — In considering the changes in the descending 
ore-charge, it is convenient to distinguish four zones: The zone of preparatory 
heating, ioo°— 400° C.; the upper zone of reduction, 400^-700°; the lower zone of 
reduction, 700'^— 900°; and the zone of fusion, goo°~i,2oo°. There is no sharp 
line of demarcation between the zones, one passing over into the other; the 
reactions beginning in one zone may be finished only in the next or perhaps 
even the second lower down. The fHXKess of heat-interception is continuous 
from the tuyeres to the throat, or from i20o°-ioo° C. 

“Gasanalytische UHtersuchungen an BieischachtMen,” Hernmn, Bcrlia, atmi 

“Stmfzuge durch die Bfcd u. Slbcrhiltteii; des Knapp, HaJBfe, 1907; al^tmct, 

Hcxfznan, Mim. Ind^ X902, xx, 445. 
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1. Zone of Preparatory Heating, 100^-400° C- — The charge fed into the 
furnace gives up its hygroscopic water, then that which is chemically combined; 
clayey material, limonites, and other hydrates give up at 400° only part of 
this water. The evaporation of water absorbs heat and thus assists in keeping 
the top of the furnace cooL 

2. Upper Zone of Reduction, 4oo°-7oo° C. — The decomposition of hydrates 
continues, the dissociation of carbonates and of some sulphates begins. The 
reducing effect of CO, which theoretically begins at 200° C., becomes notice- 
able only at about 400^; and increases wth rise of temperature up to about 
goo®. It wiW therefore be an active agent in reducing PbO completely to Pb, 
and PbS04 partly to PbS; it will also start the reduction of FeoOs. The C of the 
coke, which begins to act reducingly at about 400® C. and increases as the 
temperature rises, will change PbO completely into Pb, and PbS04 partly into 
PbS; it wall assist CO in its reduction of FesOs, and will transform CO2 of the 
gas current into CO, There will further take place reactions of PbS04 and 
PbO with PbS, setting free Pb and SO2. 

3. Lower Zone of Reduction, •joo°~goo° C . — The reactions started in the 
preceding zone continue and are in part completed; the effect of C becomes 
more marked than that of CO. The CaS04 in blast roasted ore as well as 
BaS04 in raw' ore are more or less reduced to CaS and BaS to be dissolved 
later on mainly by the slag. The dissociation of carbonates is about completed, 
CaCOs at 910®. The union of Si02 with unreduced PbO and PbS04 begins, 
as does the decomposition of PbS, PbAs,, PbSbj, by Fe; sulphurization of Cu 
begins about at the same temperature. Matte of eutectic composition begins 
to soften. Everything is prepared to be liquefied and to bring to completion 
the chemical processes. 

4. Zone of Fusion, 9oo®“i20o° C. — The reductions of oxides, including ZnO, 

and decompositions of S-ides are completed; ascending Zn-vapor is oxidized 
and sulphurized. Lead reduced in the upper parts of the furnace trickles 
through the charge, picking up Ag on its w'ay, and acting possibly upon lead 
arsenate and antimonate; it joins the Pb set free lower down from PbS, PbAs*, 
PbSby, and continues to take up Ag. The sulphides of eutectic composition, 
which softened higher up, become liquid and dissolve other sulphides to form 
matte with a melting-point Hung below that of slag-formation. The slag- 
components SiOa, FeO, and CaO form a slag of lowest formation temperature 
and this, trickling downward, dissolves the remaining SiOa, FeO, CaO, as well 
as other bases such m AlsOa, ZnO, etc. Scorified PbO is set free and reduced by 
C to Pb, Hie three main products, lead, matte, and slag, settle in layers 
according to thdr ^^cific gravities; lead passing dowmward through slag and 
matte robs these of some preadoiss metal; matte in a similar way removes Pb, 
Cu, and Ag ftom tite slag; at the contBct planes of the fHXwiucts interchange of 
components takes place to a iiwdeirate d^ee with a tendency toward cdkct- 
iag sulphide in matte, and msbal 'in tod. Tlie lead pas»s off through the lead- 
well; s|j«s, mat^ and slag tapped toto' the from which 
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overflows into a waste-slag pot or granulating apparatus, and speiss and 
matte are tapped periodicalh’ into suitable receivers. 

156. Thermal Balance, General. — The heat balance of a metallurgical 
process has its debit and credit columns as has the balance sheet of a commercial 
account. In the debit column are entered the heat-producing factors: sensible 
heat entering the furnace, heat generated by the combustion of fuel, and exother- 
mic reactions of the charge; in the credit column, the heat-absorbing factors: 
heat carried off in liquid products and in gases and fumes, heat absorbed by 
endothermic reactions of the charge, and heat lost by radiation and conduction. 
A study of the data gives a thermal insight into the process. 

The thermal balance to be cast is based on blast furnace data kindly fur- 
nished by Mr. William Allen Smith, Manager of the smeltery of the St. Joseph 
Lead Co., Herculaneum, Mo. The construction and metallurgical details of 
the furnace are given in Table 53, The basis of the calculation is that of 5,000 
kg. of charge smelted with 590 kg. of coke. 

157. Rational Analyses- — There were obtained ultimate anah’ses of raw 
materials and products. As no rational analyses were available, these had to 
be made up by calculation assisted by a general knowledge of the mineralogical 
character of the components of the charge. While the rational analyses given 
in Table 77 are not absolutely accurate, it is believed that they are approxi- 
mately correct. 

158. Distribution of Materials. A. Calculation of Weights of Consiiiuents of 
the Matte. — The matte-fall is 12.3 per cent, of the weight of the charge. The 
weight of matte is therefore 12.3 per cent, of 500c kg. or 615 kg. It contains 
(analysis, Table 53) 81.4 kg. Pb, 24.8 kg. Cu, 297.1 kg. Fe, 36. S kg. Zn, and 
139-4 kg. S. 

Combining the four metals with the S necessary to give sulphides, gives Si. 4 
Pb+i2. 65 = 94.0 kg. PbS; 24,8Cu-}-6.2S = 3i.o kg. Cu^S: 36.SZn-r iS.iS = 
54.9 kg. ZnS. This leaves 139.4 — (i3-o-f-6.2-l-iS.i = 102.1 kg. S to be com- 
bined with Fe to form FeS; or io2.iS+i7S.7Fe = 2S0.S kg. FeS. There are 
present in the matte 297.1 kg. Fe; deducting 178.7 gives 11S.4 kg. Fe, which 
with 45.1 kg. O furnishes 163-5 ^6304. 

B. Assignment of Materials. — i. Sintered ore, 3,834 kg. This contains: 
(a) PbS, 571.3 kg., of which 94.0 kg. (see above) goes into the matte, 
leaving 571.3 — 94.0 = 477.3 kg. PbS. Reducing this to Pb and S gives 
413.0 kg. Pb going into metal and 64.3 kg. S, of which 4.3 kg. go to 
furnish the small percentage of S in the metal and 60.0 kg- enters the 
matte as FeS. 

{b) PbSOi, 214.7 which resolved gives 146.7 kg. Pb going into the 
metal and 68.0S+O entering the gas. 

(c) 2Fb0.Si08, 1054.4 .kg. The 1920 kg. waste slag reported^ carry 
1.3 per cent, or 24.7 kg- Pb, which corre^x>nds to 30.2 kg. 2 PbO.SiO*. 
DeducliB^ this- amount from the total leaves 1054-4— 30.2 = 1024.2 kg. 

* The theoretical halaace sheet of roaterfals shows 2,af4i.8 kg., iacliidiiig 4^.7 ka:. of 
ed slae, or 1,778.1 as caottpared with tim reported weight kg. 
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Table 77. — Theoretical Balance Sheet of Materials of One Charge of 5000 Kg. 
Ore +590 Kg. Coke 

Charge Products 


Component s 


Chemical | To ; To I To i To 

analysis I , ^ ’j metal, j matte, ; slag, ' gas, 

per cent, i | kg. kg. ■ kg. 


Sintered ore 3,83+ kg. 

PbS 

PbSOi 

2PbO.SiO, 

PbO 

ZnS 

2Fe0.Si02 

CaO 

MgO 

CuaS 

X 

Burnt fume 17 kg. 

PbSO* 

PbO 

FeaO*, SiOj, X 

Lime rock 322 kg, 

CaCOa 

MgCO, 

2Fe0.Si02 

SiOa 

X 

Pyrites cinder 140 kg. 
Fe.S.. 


SiOa 

X 

Iron scale 32 kg. 


SiOs..... 

X 

Refinery skimming s 1S8 kg. 

PbO. 

Slag 467 kg. 

Slag 

Pb 

Coke s?H 3 kg. 

Fixed C 

VolatEe H-C. 

HfO 

Ash 

Blast 5,868.5 kg. (5,819.5 i 

N 

O 

H,0 


14.9 

571-3 

417-3 154-0I 

5-6 

214. 7 

146.7 68.0 

27.5 

1 , 054-4 

838. 0 151-6 64.8 

3-9 

149 -5 

138-8 10.7 

7-9 

302.9 

94-7 III. 4 96.8 

33-8 

1,295.9 





X 2 2 6 

1.9 

72.9 

72. 9 ^ 

1 .0 

38.3 

6.5 31. ol 0.8 

0-3 


II. 5 

88. 5 


10.3 4.8 

3-2 


0-5 

8.3 

I 

1.4 

SS.o 

2S3.4 

159-0; 124.4 

4.4 


6 . 7 : 7-4 

0.9 


2.9; 

4-2 

•5 

3 -Si- 

2.5 

. I 


8.5 

II 

II. 9 

62.7 

87 

84.7 i 2.9 

6.9 

9 

9 . 6 | 

21.9 


30.7 

94-4 

4.6 

30. 2 

29.2 i 1 . 0 

1 .0 

3 



18S .0 

: 174-6 13.4 

1 

q 

00 

0 

457.7 

1 457-7 

2.0 

9 3 

i 3-3 6.0 

83-8 

494.4 

494-4 

1 .6 


9-4 

6.3 

37 - 

37.2 

8.3 

49. 

49 -oj 

76.9 

4,476. 

: 4 , 476 -S 

23-1 

i» 343 - 



49.. 

49-0 


t, 736 -oj 626.1 2,24i.8j6,854.4 


Totals. . 
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silicate, which, reduced to component parts, gives SjS.o'kg. Fb going 
into the metal, 121.4 kg. SiO^ entering the slag, and 64.8 kg. O enter- 
ing the gas. 

(d) PbO, 149.5 reduced gives 13S.S kg. Pb going into the metal and 
10.7 kg. O entering the gas. 

ie) ZnS, 302.9 kg.; of this total there are found in the matte 54.9 
kg., leaving 248.0 kg. which reduced give 166.0 kg. Zn-t-S2.o kg. S. 
The 1,920 kg. waste slag reported contain 2.2 per cent. S and 3.6 per 
cent. Zn or 42.2 kg. S and 69.2 kg. Zn. This leaves 39. S kg. S to go 
to the matte as FeS, and 96.8 kg. Zn which will be assumed to be 
oxidized and carried out of the furnace in the gases. 

(/) 2Fe0.Si02, 1295.9 kg., 60.0 kg. S go to the matte from the PbS, and 
this requires to make FeS, 105.0 kg. Fe, which is equivalent to 135.0 
kg. FeO. 39.8 kg. S go to the matte from the ZnS, and this requires, to 
make FeS, 69.7 kg. Fe, which is equivalent to 89. 5 kg. FeO. The FeaOi 
in the matte comes from the pyritic cinder, the iron scale, and the fer- 
rous silicate. The 87.8 kg. FeoOa in the cinder correspond to S4.7 kg. 
Fes044-2.9 kg. O, and the 30.2 kg. Fe^Os in the scale to 29.2 kg. 
Fe304+i.o kg. O, giving a total of 84.94-29.2 = ii4.i kg. Fe.jOi. In 
the matte there are present 163.5 kg. Fe304; the difference. 163.5 
— 114.1=49.4 kg. Fe304, has to come from the 2FeO.SiOi in the 
sintered ore. Of the total FeO, 46.0 kg. FeO = 49.4 kg. Fe-iO^ go into the 
matte; the remainder, 1295. 9~(i35.o+S9. 5+46.0 =1025.4 kg. go 
into the slag. The 135.0+89.5 = 224.5 kg. of FeO, or 174.6 kg. Fe, go 
into the matte as 274.5 kg. FeS, securing the S from the PbS and the 
ZnS, leaving 49.9 kg. O to go to the gas. 

(g) CaO, 122.6 kg.; MgO, 72.9 kg.; and X 11.5 kg. (undetermined go 
into the slag. 

2. Burnt fume, 17 kg. 

(<z) PbS04, 15. 1 kg.; reduced gives 10.3 kg. Pb going into the metal, 
and 4,8 kg. S+O entering the gas. 

(b) PbO, 0.5 kg.; neglecting the O, this givxs 0.5 kg. Pb going into 
the metal. 

(c) Fe203+Si02+X, 1.4 kg.; this enters the slag. 

3. Lime rock, 322 kg. 

(a) CaCOs, 283.4 kg.; this gives 159.0 kg. CaO entering the slag, 
and 124.4 kg- CO2 entering the gas. 

(b) MgCOs, 14.1 kg.; this gives 6.7 kg. MgO entering the slag, and 7.4 
kg. CO2 entering the gas. 

(c) 2Fe0.Si02, 2.9 kg.; enters the slag. 

(d) SiOa, 13.5 kg.; enters the slag. 

(e) X, 8.1 kg.; enters the slag. 

4. Pyrite cinder, 140 kg- 

(a) FeS, 11.9 kg.; enters tiie matte. 
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(l}j FctjOc, S7.S kg.; reduced gives 61.5 kg. Fe entering tlie matte, and 
26.3 kg. O entering the gas. 

(ci SiOa, 9.6' kg.; enters the slag. 

(d) X, 30.7 kg.; enters the slag. 

5. Iron scale, 3.2 kg. 

(a) Fe-iOi, 30.2 kg.; reduced gives 21.1 kg. Fe entering the matte, and 
9.1 kg. O entering the gas. 

(b) SiOa, 1-5 kg.; enters the slag. 

(c) X, 0.3 kg.; enters the slag- 

6. Refinery skimming, iSS kg, 

PbO, 188 kg.; reduced gives 174.6 kg. Pb entering the metal, and 13.4 
kg. O entering the gas. 

7. Slag, 467 kg. 

(a) Slag, 463.7 kg.; enters the slag. 

(b) Pb, 3.3 kg.; enters the metal. 

8. Coke, 590 kg. 

(ui) Fixed carbon, 404.4 kg.; enters the gas. 

^ (b) Volatile h\'drocarbon, 9.4 kg.; enters the gas. 

(c) Water, 37.2 kg.; enters the gas. 

(d) Ash, 49.0 kg.; enters the slag. 

9. Blast, 5868-5 kg. ( = 5819.5 dry). 

The furnace receives per minute 136 m'"* of air. It smelts 200 metric tons 
or 200,cxx> kg. charge in 24 hr., or 5000 kg., the basis of the thermal balance, 
in 36 min. The volume of air per charge of 5000 kg. is 36X136=4896 m®. 
The atmosphere contains about 10 gm. moisture per m®; the 4S96 m® blower- 
air contain 49.0 kg. water. The air in the blower-room is assumed to be at 
20° C.; the 4S96 m® moist air at 20° C. and normal pressure correspond to 
45CWD.8 m® dry air at 0° C.; these 4500.8 air weigh 5819.5 kg. = 4476.5 kg. 
N+i:343.o kg- O. Adding the water gives 5819.5-1-49.0 = 5868.5 kg. 

159. Calculation of Thermal Balance for a Charge.^ — In casting the thermal 
balance for one charge of 5,000 kg. ore and flux and 590 kg. coke, given in Table 
77, there has to be ascertained the incoming heat, listed in Table 78 under 
Debit, and the outgoing heat, listed under Credit; the columns headed Per cent, 
of total show clearly the relations of heat-producing and heat-consuming factors. 

The details of the calculations are as follows: 

A. DebU Side of Balance Sheet. — i. Burning G to CO, 2430 Cal. per kg. C: 
The gas analysis gives COa = i9 and CO =10 per cent. The total carbon 
in the gases is 494-4 kg. from the coke and 35.9 kg. from the lime rock. Of 
this, ^5^19X530.3 = 182-9 kg. burns to CO- This leaves 347.4 kg. C in the 
gas as COs, of which 35.9 came from the lime rock, and 311.5 burned to CO2 
from the coke. 

182.9X2430=444,447 Cal- 

2, Burning C to COs, Sioo^ 'Cal. per kg. C; ■ ■ 

31 2,523,150 
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3. Burning Zn to ZnO, 1305 Cal. per kg. Zn: The zinc going in to the gas 
is 96. 8 kg. 

96.8X1305 = 126,324 Cal. 

4. Burning FeO to FesO^, 341 Cal. per kg. FeO: Some FeO in the aFeO.SiOa 
of the sintered ore was assumed fpage 347,1 to enter the matte as FcsO^. 

46.0X341 = 15,686 Cal. 

5. Formation of FeS from Fe, 42S Cal. per kg. Fe: 

174-7X428 = 74,772 Cal. 

6. Formation of Slag, 135 Cal. per kg., approximately: The total slag pro- 
duced is 2241.8 kg. There were obtained 1025.4 kg. from the aFeO.SiOa, 
and 457.7 from foul slag, or 14S3.1 kg. slagged material. Deducting this 
from the total gives 2241.8—1483.1 = 758.7 kg. stag formed. 

^ _ 758.7X135 = 102,425 Cal. 

7. Sensible Heat in Blast at 20'^ C.: This is found by the product of volume 
Xspecific heat X temperature. 

Dry air = 45oo.8Xo.3035X2c = 27,320 Cal. 

There are present 49.0 kg. H-iO = 6o.5 m’^ vapor. 

60.5X0.343X20 = 415 Cal., giving 27,320+415 = 27,735 Cal. 

8. Sensible Heat in Charge and Coke at 20'’ C-: Figured as under 7 gives 

5,000X0.25X20 = 25,000 Cal. 
and 590X0.574X20 = 6773 Cal. 

This finishes the heat-producing items to be entered in the Debit column. 
They show that 88.8 per cent, of the heat generated results from the o.xidation 
of C. 

B. Credit Side of Balance Sheet. — i. Reduction of PbS to Pb, 9S Cal. 
per kg. Pb: 414.0 kg. Pb in sintered ore+3.3 kg. in slag = 41 7.3 kg. 

417.3X98 = 40,896 Cal. 

2. Reduction of PbS04 to Pb, SO3, and O, 59S Cal. per kg. Pb: 146.7 kg. Pb 
in sintered ore+10.3 kg. in burnt fume = 157.0 kg. 

157.0X598 = 93,886 Cal. 

3. Reduction of 2PbO.Si02 to Pb, 425 Cal. per kg. Pb (estimate, no figures 
available) : 

838 .oX 425 = 35 < 5 >iSo Cal. 

4. Reduction of PbO to Pb, 245 Cal. per kg. Pb: 138.8 kg. Pb in sintered 
ore+0.5 kg. in burnt fume+174.6 kg, in refinery skimming = 3 13.0 kg. Pb. 

313.0X245 = 76,905 Cal. 

5. Reduction of ZnS to Zn, 662 Cal. per kg. Zn: The Zn entering the gas as 
ZnO is first reduced from ZnS. 

96.8X662 =64,082 Cal- 

. ; to FeO, 154 Cat per kg, FeO: 

gf, ©oes as Fe^4 in to tlie matte. 
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7. Reduction of aFeO.SiOe to Fe, 1371 Cal. per kg. Fe: 

The Fe going in to the matte with the S of the PbS and ZnS amounts to 

105.0+69.7 = 174-7 kg- 

174.7X1371 = 239,514 Cal. 

8. Reduction of Fe-iOs to Fe304, 97 Cal. per kg. Fe304: 

84.7 kg. Fe304 in p3Tite cinder+29.2 kg. in iron scale = 113.9 kg. Fe304. 
113.9X97 = 11,048 Cal. 

9. Decomposition of CaCOs, 806 Cal. per kg. CaO: 

159.0X806 = 128,154 Cal. 

10. Decomposition of IVIgCOs, 733 Cal. per kg. MgO: 

6-7X733 = 4911 Cal. 

11. Reduction of CuoS to Cu, 160 Cal.* per kg. Cu: 

The metal carries 0.46 per cent. Cu or 6.5 kg. Cu. 

6.5X160= 1040 Cal. 

12. Heat in metal at 800° C.; total heat of 25.1 Cal. per kg., approximately: 

1736.0X25.1=43,574 Cal. 

13. Heat in matte at 1 200^ C.; total heat of 250 Cal. per kg., approximately: 

626.1X250 = 156,525 Cal. 

14. Heat in slag at 1200° C.; total heat of 325 Cal. per kg., approximately: 

2241.8X325 = 728,583 Cal. 

15. Heat in gas at 225° C.: 

182.9 C burn to CO, giving 338.7 (standard condition) with a mean spe- 
cific heat of 0.309. 

3 1 1. 5 C burn to CO2, giving 576.8 m® (standard condition) with a mean 
specific heat of 0.42. 

4500.8 m* air contain 3565.0 m'"’ N with a mean specific heat of 0.309. 
49.0 kg. H2O furnish 60.5 m® -water vapor with a mean specific heat of 0.374. 

CO 338.7X0.309X225= 23,548 Cal. 

CO2 576.8X0.42 X225= 54,438 Cal. 

N 3^565 Xo. 309X225= 247,88oCaL 
HaO vapor 60.5X0.374X225= 5,105 Cal. 

Total heat in gas =330,971 Cal. 

16. Heat in cooling water: 

Water per minute =560 kg.; water per charge = 560X36 = 20, 160 kg. 
Temperature of feed water 31.5® C., of overflow water 53.5° C. ; rise in tempera- 
ture 22® C. 

20,160X22X1=443,520 Cal. 

17. Heat lost by radiation and conduction ascertained by difierence. 

This finishes the iben^ to be. entered in the Credit 'oolumn. 

They show what large of aie csaaiied away by the metal 
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the cooling water and the gases. The loss of heat by radiation and conduction 
of 18.5 per cent, appears somewhat high; it may be accounted for by some 
inacurate assumptions made in the calculation. * 


T.\bl e 78-— Thermal Balance for One Ore-charge of 500D Ko. 


Debit 


Credit 





Per • 


Per 

Items 

Kilogram 

cent. 

Kiloirram 

cent. 


calories ; 

of 

calories 

of 



total 


total 

. Burning C to CO 

; 444,447 

13.3: I. Reduction of PbStoPb 

40.. 596 

1 . 2 

. Burning C to CO2 

^ 2,523,150 

75-5 2. Reduction of PbS04 to 





Pb 

93 , 515 ^; 

2 . S 

. Burning 2 n to ZnO 

126,324 

3.8 3. Reduction of 2Pb0,.Si02 





to Pb 

556,15c 

10 . 6 

. Oxidizing FeO to Fe304. . . . 

15,686 

0.5 4. Reduction of PbO to Pb 


2 - 3 

. Formation of FeS from Fe. . 

74,772' 

2.2’ 5. Reduction of ZnS to Zn. 

64.352 

1 .9 

. Formation of slag 

i 102,425: 

3.0 6. Reduction of 2FeO.SiO- 





to FeO 

7 , 3*4 

0. 2 

. Sensible heat in blast 

27,735’ 

o.S 7. Reduction of 2FeO.SiOi 





to Fe 

2 * 9 '.* 14 

7 * 

. Sensible heat in charge and 

1 

: 8. Reduction of Fe^O. to 



coke 

31,773! 

0.9 Fe304 

11,04* 

0-3 



9. Decompc sition 





of CaCOa 

12,5,154 

3 ■ 0 



ic. Decomposition of 





MgCOa 

4,911 

0. 1 



i II. Reduction of Cu^S to 





Cu 

1.042 

0. I 



; 12. Heat in metal 

43-* 74 

1-3 



13. Heat in matte 

1 56.525 

4 - 7 



14. Heat in slag 

728,553 

21 . S 



: 15. Heat in gases ........ 

530,971 

9.9 



i 16. Heat in cooling water . 

443-520' 

13-3 



i 17. Loss by radiation and 





conduction (by differ- 





ence) 

618.199 

1S.5 

Total.. 

3,346,3^2 ] 

[00.0 Total 

3-346,3^2 

100 , 0 


160. Sineltiug Operations, General. — The work around a blast furnace is 
conveniently taken up under the heads of blowing-in, work on the charging- 
floor, work on the furnace-floor, work on the dump, irregularities in the 
furnace, blowing-out, and furnace records. 

161. Blowing-in, GeneraL^ — The operation comprises the three steps of 
warming the crucible, filling the furnace, and starting the smelting. 

The warmii^ of the aaidWe in a new furnace must be done slowly and with 


I Harrison, Mm» if i r, 
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care so as to raise the temperature gradually, as otherwise the water vapor, pass- 
ing off too quickly, will open joints of the masonry through which later on the 
lead in the crucible will percolate. 

It takes 24 hr. or more to dry and warm the brickwork of the crucible. 
There are various ways of doing this. The following procedure is satisfactory. 
The water is turned into the jackets so as to fill them and have a slight overflow; 
the damper in the down-take is parth' closed, the side- or end-charging doors 
are closed with furnaces having a high top, or the charging-opening on the feed- 
floor is covered with an iron plate, if the gases are withdrawn beneath it. A 
wood fire is made on the bottom of the furnace that will not reach half w'ay up the 
crucible. If it is kept going for a few’ hours, always replenishing the w’ood, ashes 
will have collected in the crucible. These, being bad conductors of heat, have 
to be removed in order that the burning wood may be in contact with the bot- 
tom. When these are raked out by means of a hoe from the breast of the 
furnace, a new fire is kindled. After from 3 to 4 hr. too many ashes will have 
accumulated in the furnace for the heat to have the desired effect, and the 
crucible is cleaned out again. While the crucible is being dried and w’armed, the 
lead-w’ell is filled with glowing charcoal, and the basin itself covered by a piece 
of sheet iron, so as to admit only a little air, thus preventing the charcoal from 
being burned quickly. Similarly, the breast of the furnace is closed with looseh’ 
set bricks, by which the draught is checked and too quick combustion of fuel 
on the surface prevented. The heating is continued for 24 hr., w’hen the 
outside of the crucible will feel w’arm to the touch. This shows that all the 
moisture is expelled and that the crucible can stand a high heat without en- 
dangering the brickwork. 

The next step is governed by the method used for filling the crucible with 
lead. It is essential for good work to have a clean crucible entirely filled with 
red-hot lead. If filled in part with charcoal ashes and small bits of charcoal, 
a dead layer will be formed betw’een lead and slag w’hich soon will harden to a 
crust and attract small obstacles that wmuld otherwise be carried by the matte 
and slag. 

After supplying the crucible with the necessary lead, the first charges^ 
will consist of an easy-smelting slag with much coke and the fluxes necessary 
to slag the coke-ash. Ore-charges gradually replace slag-charges, and the high 
percentage of fuel is diminished until finally the normal charge is reached. It 
is better for a blowing-in slag to be glassy than crystalline, as it melts more 
readily, hence a chilled slag is preferable to one that has cooled slowly. The 
slag conastiiig of SiOs 30, FeO 40, CaO 20 is better than any of the other types 
given in Table 64. 

There are three ways of supplying the necessary lead to the furnace, by 
the lead-melting method with its variations, the platform method, and the 
lead-charging method. 

162. Lmd-mrftiiig MetiioiL — This presijq^pos^ that the cmdble has been 
brought to a red-,heat brfoire the lead is introdiic^l. In order to 
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this, a wood fire is kindled in the warmed crucible and some charcoal added; 
the blower is started and made to run slowly; the bags of the tuyeres are tied 
or wound up, or the blast-gates are closed, excepting that of a tuyere nearest 
the breast, which is connected with an iron pipe, and the latter inserted into 
the crucible from the breast. The blast is allowed to play on to the charcoal 
until it is well ablaze. A second layer of charcoal is added and, when fully 
aglow, a third, and so on until the crucible is filled to the jackets. Thereupon 
the pipe is then pushed down deeply into the glowing coal in order that the blast 
may reach the bottom of the crucible. Meanwhile the furnace-man w'Orks 
at intervals with a rod and a hoe, turns over the coal, and moves it front to 
back and vice versa, so as to get it all into a perfect glow. When this has been 
accomplished, the pipe, of which often a small part has been burnt off, is ’with- 
drawn, and the furnace let alone for an hour or two. The pipe is again intro- 
duced, and the charcoal burnt down, the furnace-man stirring it to bring all 
parts into contact with the blast. The ashes are removed, and the crucible 
and lead-well thoroughly cleaned. This heating is repeated from three to 
four times in 24 hr. The outside of the crucible will then have become too hot 
to be touched with the hand. 

Up to about 20 years ago it w'as customary to fill the crucible again 
with glowing charcoal as outlined, to feed charcoal from the throat to reach 
about I ft. above the tuyeres, to add a bed of coke extending to the top of the 
jackets, to charge lead and coke with some slag and the necessary fluxes, and 
to fill the furnace with alternate layers of half-ore charge and half-slag charge, 
using the amount of fuel necessary for the full-ore charge. Then foUowred, 
uncovering of lead-well, clearing of tuyere-holes, insertion of tuyere-pipes, 
and starting of blower, having it make as few* revolutions as possible and 
gradually increasing its speed. 

Another method, very common, was to put in the breast, close the tuyere- 
openings, cover the lead-w^ell, feed from the throat charcoal to the top of the 
jackets, and cover the charcoal with a bed of coke about i ft. thick; then have 
a man descend into the furnace and fill it in part with blowing-in charges, con- 
sisting of lead, coke, slag and fluxes, and end with regular ore-charges. When 
the furnace had been thus filled, the charcoal was kindled from the tuyeres, the 
pipes were put in place, and the blower was started and made to run slowiy. 

Both methods customary with European furnaces tapped at the bottom 
of the crucible and adapted to American furnaces having an Arents siphon- 
tap, have been given up, as even with good charcoal there are likely to 
be formed blowing-in crusts which, at best, are difficult to remove, and fre- 
quently remain in the crucible during an entire campaign, interfering with the 
normal working. With the perverse tendency of a crust to grow during a 
campaign, there is danger of the crucible freezing up solid. The use of coke 
instead of charcoal only mak^es things worse. 

This led to the present lead-melting method. The crucible and wdOL, 
|t.eii>ted as shown, are deaaed, the ’well is- fiEed with ^wing charcoal and oo-wered, 
a is started m the cniclb% -aad, when this is filted in part with ooais, 
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bars of lead are introduced from the breast by sliding them in on a paddle. 
As the lead melts, charging is continued until the crucible is filled with molten 
lead; the fire floating on the lead is kept going by using blast intermittently. 
When the crucible has been thus filled, the last embers and ashes are raked out, 
enough dry kindling is charged from the front and then from the feed-floor 
to reach well above the jackets, and then the breast is put in. On top of 
this comes a 2-ft. bed of coke, to which bars of lead are added in order that 
this, coming down hot, may help to heat the lead in the crucible. Then follow 
the usual slag- and ore-charges. The wood is kindled through the tuyere- 
openings, the tuyere-pipes are connected, the blower is started, and a gentle 
blast maintained. The feeding of bars of lead from the top is often continued 
until the lead in the crucible has become red-hot. 

At some works, having in operation several blast furnaces and a dressing 
kettle, lead is taken from the kettle and poured into the crucible instead of 
being melted down in it. Thus, e.g., with a furnace 48 by 160 in. at tuyeres, 
there are charged on top of the liquid lead, 3 ft. dry cedar kindling, a bed of 
coke 1 ft. deep, 6 slag-charges consisting of 8000 lb. slag-shells, 800 lb. iron ore 
(Fe 56 per cent.) and 1000 lb. coke, and then slag-ore charges, made up of 
8000 lb. ore and 2000 lb. slag, with 13 per cent. coke. These are run 
for 2 days, whereafter slag is omitted, and the full ore-charge of 10,000 lb. with 
12 per cent, coke is fed. Care is taken that the kindling is uniformly ignited 
with oil-waste. During the first 24 hr. the blast-pressure is not allowed to exceed 
24 oz. per sq. in.; on the second day it is slightly raised, and this increase 
continued until at the fifth or sixth day it has attained its^ normal pressure of 
from 38 to 42 oz. per sq. in. When the blast has been started, the first 
slag appears after several hours, and matte is noticed in the slag about 18 
to 24 hr. later. 

In another instance, with a furnace 42 by 192 in. at tuyeres, there is charged 
on to the liquid lead dry kindling to reach well above the tuyeres. Then follow, 
3000 lb. coke (forming a bed 3 ft. deep) and 4000 lb. slag; 3000 lb. coke and 
3000 lb, slag with fluxes to slag coke-ash; and 825 lb. coke, 6000 lb. charge, 
with additional 1200 and 1500 lb. slag fed along the sides. The furnace is filled 
with the last charge to 4 or 5 ft. from the throat, the kindling is ignited, and 
enough blast put on to show a pressure of about 20 oz. per sq. in. In 
about 2 hr. after starting the blast, the first slag appears at the tuyeres. 
When the first matte is seen in the slag, the pressure of the blast is gradually 
raised to 36 oz. per sq. in. 

It may be added that many metallur^sts add matte to their first ore-charges, 
as this comes down hot and has a decided cleaning effect, since it takes up 
materials which the slag may refuse to carry out. 

The lead-method of starting requires bringing the crucible to a red heat; 
and this calls for much time, labor, and fudl; care must be taken that the kind- 
ling placed on the lead shaH not ignite ahead of time; there is danger of uneven 
■distribution of the charges in' the neoessary quidk' filling of the furnace; there is 
likelihood afl the kindHin g heli^ oorapletely Iramt if it has been 
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down into the lead, with the result of wood more or less charred floating on 
the lead and forming the nucleus of a blowang-in crust. In spite of these dis- 
advantages the method has given and is giving satisfactorv results. 

163* Platform Method, — This method was devised to do away with the 
necessity of melting lead in the crucible, and to permit an even distribution of 
the charges. The crucible is dried and warmed in from 2 to 3 days; a rough 
platform, Fig. 326, of by 3-in. lumber, well soaked in water, is built over 
the crucible above the slag-tap and beneath the tuyere-holes, leaving spaces 
iX '‘2 wide between the planks, through which later on the lead may find 
its way into the crucible. In front of each tuyere is placed finely split kindling, 
and on the platform cord wood to a depth of from 3 to 5 ft.; on top of this come 
lead, coke, and blowing-in charges. With a furnace 12 ft. 9 in. by 3 ft. 6 in. 
at tuyeres and a crucible 2 ft. 6 in. deep, 
tapering from 3 ft. 6 in. to 2 ft., there are 
placed on the platform 4 cords of w’ood, and 
on top from 35,000 to 40,000 lb. of pig lead 
with an old crucible, or more with a new. 

Then come the blomng-in charges given in 
Table 79. The blowdng-in charges are fol- 
lowed by the regular ore-charges of 8600 lb. 
with an extra 100 lb. coke for the first 24 hr. 

When the furnace is filled, the kindling is 
ignited with burning oil-soaked waste, which 
is pushed in through the tuyere-openings, 
and a gentle blast turned on; the volume of 
air is then gradually increased in the usual 
vray. The wood and coke melt the lead, 
which trickles down and fills the crucible. 

The slag is supposed to melt only after the pio. 326.— Platform for blowing in 
crucible has been filled with molten lead. blast furnace. 

When it has risen to the tuyeres, it is tapped, 

and the volume of air further increased. Many furnaces have been biowm in 
satisfactorily with this method. In case, however, the platform is too weak 
and breaks on account of the sudden settling of the charge, or if it burns 
prematurely, part of the charge may drop into the crucible. There is then 
little chance of its being floated completely by the lead, and the crucible will 


Table 79. — Blowing-in Charges 


Number of charges 

Cars coke @ 650 lb. j 

Cars slag @ 1,200 lb. 

I 

6 


I 

3 

5 

2 

2 

6 

I 

3 

S 

% 

2 

6 
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remain partly filled with foreign matter, which interferes with regular work 
and is very likely to cause freezing of the crucible contents. Again, if the 
planks are completely burnt, partly-charred wood will float on the lead and 
formla^nucleus^for^accretions. Very few, if any, furnaces are blown in at 
present in the manner described. 

164. Lead-charging Method. — In this method, W'hich originated at Mapimi, 
Mexico, bars of lead are piled in the crucible as shown in Fig. 327; they are 

follow'ed by wood, lead, and blowing-in 
charges. In the example to be given, the 
crucible is 46 by 162 in., and holds about 

65.000 lb. of pig lead. The crucible, ha\nng 
been warmed for 48 hr., is cleaned; from 

50.000 to 55,000 lb. of lead in 1 00-lb. pigs 
is stacked with i-in. spaces as shown, and 
reach to from 3 to 4 in. beneath the tuyere- 
level. Kindling and oil-soaked waste are 
placed in front of the tuyere-openings; front 
and back of furnace are closed; cord wood 
is charged from the throat to a depth of 
about 3 ft., being introduced from both sides 
of the furnace in order that it may be dis- 
tributed evenl\^* then follow the blowing-in 
charges given in Table 80. The blowing-in 

Fio. 3J7.-Lead-cbarging for blowing foUowed by the regular ore- 

in blast furnace, charges, to which some raw matte is added to 

wash out the tuyere-region; during the first 
24 hr, an extra barrow of coke is added to every fourth charge. 

When the furnace is filled, the lead- well is covered with an iron plate which is 
luted, and weighted with a bar of lead. The oil- waste and kin dlin g at the 
tuyere-pipes are ignited and allowed to burn for 5 to 10 min. The tuyeres are put 



Tabue So. — Blowing-in Charges 


Ckaxge No. 

Barrows coke 
(So P.C.F.C.) 
@ Ss kg. 

Buggies 

@ 850 kg. 

Barrows 

matte 
@150 kg. 

Bars lead 
@ S° kg. 

Ore-charges 
@ 850—1,000 
' kg. 

I 

18 

i 




* 

8 





$ 

8 

4 




4 

8 

4 


^0 


S 

8 

8 




6 

8 

8 




7 

8 

8 

I 



S 

8 

8 

1 



9 

6 

4 



2 

xo 

6 

4 




11 

6 

4 



2 
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in, and the blower is started to give a pressure of 3 2 oz, per sq. in.; the volume 
of air is increased during the next 2 hr. to furnish a blast-pressure of from 
7 to S oz. The bottom of the lead-well becomes sealed with lead in 1 to 1U2 hf* 
after starting; the cover is removed, and the lead melted and kept liquid with an 
oil-burner. Two hours after starting, the first slag appears at the tuyeres; this 
is allowed to rise to the tuyeres and tapped. The tap-hole is w'orked with a 
rod to remove ashes ; the blast is allowed to blow through to assist in removing 
them. The blast volume is raised during the next 4 to 5 hr. to furnish a 
pressure of about 16 02. If the lead in the w'ell has not been liquefied by use of 
an oil-burner, the solid plug of lead will melt in about 8 hr. after putting on the 
blast, and hot lead will rise quickly in the well. In case the lead does remain 
solid, a red-hot steel bar is driven through the plug. Between the eighth and 
twenty-fourth hour after starting, the blast is raised to furnish 26 oz., and 
during the next 12 hr. 36 02. pressure. The rate of increasing the blast is 
governed by the surface of the charge, which should remain cool and sink 
evenly. During the first 36 hr. after starting, the top of the charge is kept 
from 4 to 5 ft. dowm from the feed-floor. In 36 to 48 hr. after starting, when the 
extra coke of the blowing-in charges has been burnt, the blast is raised to furnish 
40 to 42 oz., and after 72 hr. the normal 48 oz. pressure. 

This method is usually satisfactory, and is being adopted by many smelteries. 
At Mapimi, w^here there is a speiss-fall of from 2.5 to 4.0 per cent., blowdng-in 
crusts or sows are not formed. 

165. Work on the Charging Floor. — ^The wrork on the charging floor consists 
in assembling ore, flux, and fuel; w'eighing the required amounts; preparing the 
charge; and feeding it into the furnace. 

The older as well as the more recent methods of assembling ore, flux and 
fuel have been discussed in §114; hand-feeding has been treated in §109. 

166. Mechanical Feeding. — The charge components, made up of pieces of 
ore, flux, and fuel, vary much in size. A coarse charge is preferred to one that 
is fine, as the ascent of gases is more uniform; but, if too coarse, the gases pass 
off too quickly and do not prepare the charge to the required degree. A fine 
charge offers too much obstruction to the upward travel of the gases; 
these break through at different points (form blow-holes), do not give the charge 
the necessary thermal and chemical preparation, and cause loss by carr>dng 
away dust and fume. There is also danger of fines trickling through the coarser 
parts of the charge and arriving in a crude state at the smelting zone; they will 
chill the furnace, and may even fill the tuyeares. This may be obviated by the 
Glenn filter charge® which consists in making the charge large and feeding upon 
a bed of coke first the coarser parts of ore and flux, then the finer, and lastly 
the fines. At present, when charges are made up largely of blast roasted mate- 

1 B wight, Tr. A. I, M. E,, 1902, xxxn, 380. 

BSxon, Em%. Min. J., 1903, ixxv, 5H67. 

Hdfumti. Mm., Xfo@, 

jyfiii. X, 191^5, € 3 ^ 
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rials, the amount of fines to be treated has been reduced to such a degree that 
they do not cause any trouble. A correct mixture of coarse and fine is therefore 
desired. Of the ore,^ one-third might be in pieces from 5 to 2 in. in diameter, 
one-third from 2 to iii-? and the remaining third from H in. down. Flux 
ought to be about of the same size as ore; foul slag not larger than 6 in.; 
and coke ought to be broken somewhat. As long as the amount of coke- 
fines is not excessive (see §124), there is no reason for separating them 
from the rest by forking. 

Wetting a charge while bedding or before feeding into the furnace is ad- 
vantageous with an excess of fines over the normal, as it prevents unmixing 
when the charge is being handled. 

It has been shown in §109 that in hand-feeding a charge, the coarse ought to 
be placed near the center, and the fine near the side. The coke is also dis- 
tributed more along the center than the side, especially as, being lighter than 
the rest of the charge, it is likely to be pushed toward the wahs in its descent 
through the furnace. Guyard^ advocates charging fuel alternately toward 
the center and sides to obtain an even ascent of gases; he believes that feeding 
of fuel toward the center and charge toward the sides, causes wall accretions to 
form immediately above the jackets, whereas alternate feeding of fuel toward 
center and sides will cause accretions to form higher up in the furnace. 

A strict adherence to the principle of placing coarse toward the center would 
draw the gases too much toward the center, and cause premature slagging and 
overfire, and leave the finer charge along the sides imperfectly prepared. What 
is wanted is that the gas current ascend uniformly over the whole area of the 
smelting column, and this usually is the case when the smoke passes off uni- 
formly and quietly from the surface of the charge, if it is cool and sinks 
regularly and evenly. 

A mechanical feeding apparatus, to be successful, must fulfill the require- 
ments given as regards distribution of charge. Omitting the earlier trials 
mentioned in §109, the first mechanical feed which had any marked success 
was the so-called Pueblo system, discussed in §167. 

167. Ptiebio System.® — This was put into operation at Pueblo, Colo., about 
1895. Though it is ancient history as far as present practice is concerned, it 
embodies features of sufficient permanent value to warrant noting some of the 
details. Fig. 328 gives a vertical longitudinal section through the inclined hoist. 
In the center is the charging pit with charging car placed crosswise; to the left 
on the ground floor are the ore-bedding bins, and on the second floor is the 
sampling-building; to the right are the bins for fluxes and fuel, and adjoining, 
a battery of seven blast-furnaces, 60 by 120 in. at tuyeres with a working height 
of 20 ft. The tuyeres, six on a side, are 4 in. in diameter; they have Mathewson 
water-cooled nozzles (Figs. 186 and 187) projecting 6 in. inside the jackets, thus 

^ Dw%ht, Uc: cU. 

* Emmom, “ Getflogy aad Mining lajkistiy of Leadville,’'* U. S. GeoL Surv., MoaograiA 
XII, p. 665. 

» Dw%ht, Jr. A. I. M. E., 1902, xxxm, sfs- 
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leaving a smelting distance of 48 in-between them. The furnace-tops are doused 


by hinged and counter-weighted heavy sheet- 
iron plates; the furnace gases are withdrawn 
below the charging floor. The side-walls 
have iron door-frames, bricked up while the 
furnace is in operation, in order to permit 
repairing or barring off wall-accretions with- 
out interfering with the charging apparatus. 

Ores arrive on the elevated track to the 
left of the sampling-mill and are sampled by 
fractional selection. The samples are dis- 
charged to the right on to an elevated plat- 
form in the sampling-mill ‘ and held in 
separate stalls until they are passed either 
through crushers or chutes on to the main 
floor, where they are cut down by hand, 
usually by quartering. The rejected ores 
are unloaded to the left into V-shaped bins, 
whence they are discharged into Hunt auto- 



matic dump cars^ and distributed over the 
ore-bedding bins each holding about 2000 
tons of ore. The bottom of a Hunt car has 
the form of an inverted V sloping tow^ard the 
inclined sides, which swing open, when re- 



leased by a lever, and allow the ore to be 


discharged on either side of the inclined 
track running over the center of the bin. 


The car is attached by a cable to a counter- 


poise 'which is heavier than the car 'when 
empty and lighter than when it is filled "ftfith 
ore. Thus the car will run down the incline 
when filled and up again to its original posi- 
tion when emptied. The unloading is effected 
automatically by an adjustable stop along 
the side of the track, which strikes the lever 
and thus releases the sides. By changing the 
position of the stop, the car can be emptied 
at any point along the center line of a bed- 
ding-bin, and the ore is then spread out by 
hand. As one man can attend to several 
cars, the labor involved in bedding the ore is 
reduced to an extremely low figure. 

Fluxes and fuel arrive on the elevated 
track to the right of the pit. Tire samples. 



^ Sadtkar, SeAmi Mm* 33- 


Pudilu sy^lvin of fn*<liuK tlu’ lilast*furiuu\*. 
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when taken, are collected in V-shaped bins near the track and discharged 
into a car running to the sampling-mill. The rejected materials go into the 
flux and fuel bins. 

Figs. 329-331 give side and end elevations and plan of the Williams charging 
car, which holds about 5 tons charge. It is 5 ft. 6 In. by 9 ft. 
has vertical sides to a depth of 3 ft. 3V2 in., an .\.-shaped bottom, and hinged 
discharge-doors to be opened and closed by levers at each end. The car is 
filled at the ends from buggies by wheelers who work in pairs. Each wheeler 
weighs into his buggy one-half charge of a particular component, takes his 
place in the line of wheelers on either side of the charging-pit, and discharges 
his buggy into the opposite ends of the car, partners discharging equal quanti- 
ties simultaneously, until the charge is complete. Coke is added last to avoid 
breaking. 



The filled car is hauled by a steel tail-rope up the inclined trestle- track 
on an angle of 17° to the feed-floor, and stopped at any furnace that is to be 
fed; the gauge of the track is about the same as the length of the throat of a 
furnace. The hoisting drums are situated within the furnace building at the 
crest of the incline; at the farther end of the building is a tightener-sheave to 
keep the tail-rope taut. 

The charge in the car will show two conical piles near the ends with apices of 
fines under the letters a and c. Figs. 332 and 333, and coarse parts in the valley, 
between the piles. This irregular distribution of coarse and fine is corrected 
by three A-shaped cast-iron deflectors, extending across the shaft about 18 in. 
above the stock-line, which divide the shaft into four rectangular areas; they 
scatter the coarse and fine materials as these drop from the car, and make a 
more uniform mixture. 

When the car has been spotted oveat a furnace, the hin^d doors of the 
furnace are dropped, as 332 and 333, and the disdiarge-docKs 

the car axe opened. The charge falling strikes the A-shaped tootton of the car. 
Is thrown against the wa&, wfe^eupon the d^ectoss. owrect mmmm 
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tion of coarse and fine, at least to some extent. It will be noticed tliat this 
arrangement necessitates a drop of charge of about lo ft.; this causes breaking 
of coke and packing of charge-components, both undesirable features. 

At Pueblo there was effected a sa^g of 9 cts. per ton with a daily smelting 






Fig. 336. — ^Ead devation and transfer car. 
Figs. 334 to 336. — East Helena charge-car. 


capacity of 700 tons chajge. With, decrease in ^e of plant thi.^ saving falls off 
quickly, ^ that socm the advantage dybappears entirely. 

168. East Sysiie«L ,* — ”*11118 method cff mechanical feeding developed 

* Dw%ht, Tr, A, I. M, Mif ■ , , , 
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by Dwight in 1900 at East Helena, Mont., is at present in use at the great ma- 
jority of lead plants. Its original form has undergone some modifications. 

The manner of assembling charge- 
components at East Helena is similar 
to the one shown in Figs. 220 and 221; 
that is, the charge-car is hoisted up the 
incline endwdse, and delivered to a 
transfer carriage w'’hich is moved by a 
tail-rope system over the tops of a 
battery of furnaces from w^hich the 
gases are withdrawn beneath the feed- 
floor. 

The East Helena charge-car is shown 
in Figs. 334-336, and the transfer-car 
in Fig. 337. In Fig. 336 the charge-car 
stands on the transfer-car. The charge- 
car is 10 by 4 ft. and 3 ft. 6 in. high; 
it holds 8800 lb. of ore and flux and 
3200 lb. of coke, or 6 tons in all. The 

bottom consists of a fixed A-shaped t- . tt • . - 

.... , , , Fig. 337. — P.ar;, East He.ena transrer-car. 

distributor and two doors hinged at 

the sides, which are held in place by means of chains wound on a longitudinal 
wdndlass-shaft on top of the car. The transfer-car is 13 by 9 ft. in., 




FTg. 338. — East Helena fmi-cax and Dwigist spreader. 


travels on track of ii ft. 8 in. 
gauge, and is hauled by a 
1} 2-1X1. wire rope. 

When mechanical charging 
w’as installed by Hixon/ the 
contents of the car w^ere 
dropped through the central 
feeding-slot in the iron plates 
forming the furnace top as 
shown in Fig. 190. The result 
w’as that the fines accumulated 
along the center, while the 
coarse rolled toward the sides; 
the charge w^as wrongly dis- 
tributed, and the furnace 
showed overfire. Dwight® cor- 
rected this by placing an A- 
shaped spreader lMeiMa.t]h the 


feed-slot as shown in i%. 338; the charge falling from the car on to the 
spreader is thrown. toward the wh^ most <4 the fines renr^, while th<^ 
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coarser parts roll down the inclined surface of the descending charge and 
gather along the center. 

In many instances this separation of coarse and fine was carried too far, as 
the heat crept up along the center of the furnace, and the ore along the sides 
was insufficiently prepared. This was corrected by . W. Jsorton as shown in 

Fig. 339 «' TheA-shaped 
spreader, instead of being a 
single casting; Fig. 339, is made 
up of several parts separated by 
open spaces, Fig. 339c. The 
charge, on dropping from the 
car, is not deflected altogether 
toward the walls, but one part 
falls through the openings be- 
tw'een the channels and lands 
directly in the center. There is 
thus obtained a satisfactor}" dis- 
tribution of charge, much fine 
ndth some coarse along the 
sides, and much coarse with 
some fine along the center. 

In using a transfer-car, the 
charge has to drop a consider- 
able distance. The height of 
fan may be reduced to as little 
as 2 ft. if the transfer-car is 
omitted. This is the case with 
the blast furnaces of the St. 
Joseph Lead Co. at Hercula- 
neum, Mo. The standard 
furnace is 42 by 192 in. at 
tuyeres and 72 by 192 in. at 
throat, has a working height of 
12 ft. 4 in., and four boshed 
jackets on a side, each with 
three 3-in. tuyeres. The shaft 
is of brickwork; the inner sides 
are protected by cast-iron 
Figs- 339 and 339#.— Bwglit-Norton spreader. plates, which extend from the 

thrcmt to the surface of the charge; further details are given in Table 53. The 
thr<mt d the fumacse, 5 %. 340, is covered with cast-iron plates resting on 
rollers so that they can he nenMoved to one side for barring down. The 

■daar^mg-cai', 14 ft. 7 by- 3 ft- 1 ^ 4 ft. 2%, In. fai^, has hinged dis- ; 

chorge-dbors whidh are t»la»csBd. ^hy weights 'and manipulated by levers. , It-'i 
tamv^ on rwfe caunied ' fey „ The., si^peadtei: Is .made "ap of .castriron; 
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angles with intervening spaces. The center angle, as shown in Fig. 340, has 
been removed in order to charge more fine material toward the middle of the 
furnace. As the car is not as long as the throat of the furnace, the spreader 
has been shortened so that it extends only to within 18 in. of the ends of the 
furnace. With this change, the charge-car showed a tendency to build at the 
back; a deflecting chute placed toward the front at an angle of about 60® 
corrected this evil in that more charge is delivered toward the front than the 
back. The height through w’hich the charge has to drop, the distance from 
bottom of car to top of downcomer, is 6 ft. 3?2 in. 


U iii >j 



Details of the spreader in use at w^orks of the United States Smelting Co. 
at Midvale, XJtah,^ are shown in Fig. 341, The preparation and feeding of 
charges have been taken up in §114, and blast furnace details in Table 53- 
The spreader, suspended from chains, has small spaces between the angles, and 
the central part is left open so that a considerable part of the charge is delivered 
along the median line of the furnace without any distribution of coaree and fine. 

With charges made up largely of blast roasted material, and the resulting 
greater smelting power of the furrw:e, there is less danger of the heat creeping 
up in the furnace; this has result^ in an endeavor to distribute coarse and 
fine more evenly than was formerly the case. 

Some of the fnrmaoes <of the ConeoIMated M ining and Smelting Co. of Canada, 



366 


METALLVRGY OF LEAD 


Trail, B. C-, as shown in Figs. 176-179, have open tops, the gases being with- 
drawn from the sides. The feed-opening of a furnace is closed by a plate 
running on wheels which travel on the same track as the charge-car. The 
latter, arriving in front of a dinky locomotive, pushes ahead the plate, delivers 
its charge in the usual way on to the angle-spreader, and pulls back the plate 
into place when it returns to receive another charge. By keeping the feeding- 
slot closed, the volume of gases to be treated in the Cottrell precipitator is 
much reduced. 



Fig. 341. — Charge-spreader, Midvale, Utah. 


This arrangement recalls the Freeland charging machine^ in operation at 
the copper blast furnaces of Ducktowm, Tenn. 

Other lead furnaces are fed in a manner similar to that in operation at 
Northport, Wash, (see below); a third set is fed by cars with side- wheels similar 
to those in use at the blast furnaces of Grand Forks, B. C.^ 

The furnaces of the Northport Smelting and Refining Co.; shown in Figs. 
1 80-1 S3, are hooded; «.<?., a furnace has a brick top from which the gases pass 
off through a downcomer into a dust chamber, and the charges are fed from 
the ends. The tracks, of 30-in. gauge, on the feed-floor enter the furnace at 
one end and extend to the other. The charge-car is pushed by a dinky locomo- 

* IT. S. Patent, No. 768596, Aug. 30, X904. 

Reawkfc, Min, Sc. Fress^ 1913, cvi, 443. 

Browne, B%di. Canad. Min. InsiU.^ Noweiabear, 1916, p. 976. 

* “Hofmaa, ‘‘Copper,’* 3:91% p. 166. 
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tive into the furnace and discharged on to a spreader. This consists of a 6 by 6 
in. angle running along the center of the furnace about i8 in. below the feed- 
floor. The side-walls are protected by 6 by 6-in. angles. The charge-car, shoum 
in Figs. 342-348, holds 7000 lb. charge and coke. It is 14 ft. long, 4 ft. 
8 in. wide at the top, 3 ft. in the middle, and narrows to 2 ft. at the discharge; 
the depth is 3 ft. 5 in. The fiat bottom is made of three pairs of hinged doors, 
which close the three compartments of the car. The discharge-doors are 
attached at the free ends to ^^-in. chains wound severally around a longitudinal 
solid shaft, enclosed in a 2-in., and this in a 23"2-in. pipe-shaft. The 
shaftings carry at one end lo-in. sprocket-wheels connected by chains to gears 
w’hich are severally rotated by hand through a clutch by a main shaft, ijfo 
in. in diameter and square at one end. The three compartments give latitude 
in meeting the demands of a furnace when the charges do not sink evenly. 

169. Darby Thimble Method. — The details of this feeding system at the 
Selbj’ Lead Works and the smeltery of the Sulphide Corporation have been 
taken up in §109. 

170. Work on the Furnace-floor, — This consists mainly in regulating the 
water-supply, taking care of the tuyeres, and disposing of the molten products. 

The water of the jackets is kept at about 70° C., the usual test being that 
the hand can be quickly passed through the outflowing water without being 
scalded. Any irregularity' in the temperature of the jackets indicates that the 
coating on the inside is thicker on some than on others, and thereby that the 
smelting proceeds unevenly; the slower descent of the charges on the cold side 
will corroborate this on the feed-floor. 

The pressure of the blast is watched, and all the changes in the gauge are 
noted. It is regulated by means of a damper. If the furnace has its own 
blower, its revolutions are also counted. Self-recording pressure gauges are 
used in most plants. 

The appearance of the tuyeres forms a good indication of the inner condition 
of the furnace. It is not necessary that the entire mouth of the tuyere should 
be bright; it is usually covered by a thin scale of slag, showing a star-like bright- 
ness in different places. If the tuyere becomes quite dark, a bar is inserted 
and the slag pierced to see if it has grown too thick. In this case repeated 
poking only aggravates matters, as a “nose” of chilled slag will form which 
reaches into the furnace. (For correction of this evil see §172.) 

Speiss, matte, and slag are usually tapped into a settler (§iiS) from which 
the slag overflows into a receiver to be hauled to the dump or granulated 
(§120), and speiss and matte are discharged periodically (§117). 

The lead is usuafly tapped from the well (§115) into a pot and cast into 
bars ; in the absence of a wdfl, it is tapped with speiss and matte into a shallow 
basin, from which it is ladled into bars after the solidified cake of speiss and matte 
has been removed. 

In tapping the slag, the fiirnsaoe-man used to have two ^-in. steel bars, 
6 to 8 ft. loB^, and two lo-Ib. droblo&ced i^edgest* ' With the increased size rrf 
iiimaces the clay plug which closes the tapdhole rarely becomes r 
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hard to require steel bars; two rods, 12 to 1 6 ft. long, bent to a circular 

handle at one end usually serve for this purpose. With a rod of this length 
the furnace-man can stand a sufficient distance from the furnace in doing his 
work so as not to be exposed to the fumes arising from the tap-hole. There are 
provided two stopping-rods, of H-in. iron and 12 to 16 ft. long, with disks 21 2 in. 
in diameter for the clay plug, and tw'o 3.4-in, iron rods, also 12 to 16 ft. long, for 
rodding. 

In tapping, it is the rule to keep some slag in the furnace. At certain inter- 
vals the lead and slag are allow^ed to rise in the furnace until the little blue flame, 
seen through the tuyeres, indicates that the slag has nearly reached that level, 
when the furnace is tapped clean to see how much slag the furnace holds. If 
there is less slag than usual, it shows that the tuyere-section is not as free as it 
ought to be. It is advisable, especially with a long furnace, to allow the blast 
to blow on and off out of the tap-hole for a wffiile to be sure that all slag has 
been removed. If this is not done, the slag is likely to build up around the 
tuyeres, especially around those at the back; and this necessitates later on 
much rodding. 

Matte, perhaps some speiss, and usually a small amount of lead are tapped 
from the fore-hearth with bars, of 3 |-in. steel from 6 to S ft. long: the tap-hole 
is closed with a clay plug as is the slag-tap. The matte-tap usually is hard and 
requires sledging. 

In order to make the tapping less arduous, the tapping-bar is driven by a 
few gentle strokes of the hammer into the soft-clay plug, with w'hich the hole 
has been closed, until it reaches the hardened interior. The bar remains there 
until the next tapping, when only the inner crust has to be broken. An oxygen- 
torch to melt out the matte in the tap-hole has been successfully applied by 
Browme^ and others;^ the use of electricity for this purpose has been advocated 
by Thompson,® Hixon,^ Welsh® and Veritas.® 

The lead in the crucible is always at a low^er level than in the w’ell, as the 
pressure of the blast and the weight of slag and matte force it dowmward. It 
is essential that the lead in the furnace may rise to the same level as the slag- 
tap; if it does not, speiss and matte will be too far removed from the zone of 
fusion, and thus liable to cool and form a crust. 

The less lead there is in the charge, the higher must be held its level in the 
crucible that it may not cool, as it is not frequently replaced by fresh lead that 
has just passed through the hottest part of the furnace. Formerly the tops of 
the crucible and the wells were on the same level; at present the wrell is built 
up to extend from 8 to 10 in. above the slag-tap.^ 

The lead used to be taken from the well by dipping and cast into bars (§115). 

1 Tr. Canad. Min. InsL^ 1915, xrai, 91. 

McGill, Nev., Mng. Mm. J., 1917, civ, 704- 

* Bng. Mim . . 

* Op. dL, p. 608. 

* Op. p, 9SI. 

• 0 #- 
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In doing this, there is danger of remo\'ing too much at a time; further, the bars 
are sure to contain much dross, which collects largely on the surface of a bar 
but is also irregularly disseminated through it. As the dross runs lower in Ag 
than the clean lead, much difficulty is encountered in sampling and later 
in assaying. At present the lead is alwa^^s tapped at intervals from the well 
into a collecting pot, sometimes heated from a fireplace; the dross is skimmed 
and returned to the blast furnace, and the clean lead molded. With furnaces 
running charges high in lead, the collecting pot is hauled to a drossing-kettle 
and emptied, or the lead is run from the -well into a casting machine, and the 
bars are then melted in a drossing-kettle. 

In tapping from a furnace about looo lb. of lead, the charge will sink sud- 
denly to occupy the space set free by the lead. This may result in particles of 
unmelted charge passing too quickly from the smelting zone to be fused, and 
forming the nucleus of a crust. For this reason some furnace-men prefer dipping 
to tapping, especially with low-lead charges; the amount to be dipped is then 
regulated by the number of charges that are fed into the furnace, and the per- 
centage of lead they contain. 

The clean bars of blast furnace lead are marked with a running lot-number; 
removed from the mold with a pick or otherwise; piled to be sampled, if this 
has not been done during the molding; w^eighed; and shipped. 

A furnace is in good working order below, when the temperature of the 
jackets is uniformly high, the pressure of the blast does not fluctuate, and 
the tuyeres remain bright, ha\dng only short noses. The furnace, within a 
given time, should produce the same amount of slag; the tap-hole should be 
neither too hard nor too soft; and the lead in the well should be of a bright 
red color, play with the blast, and sink slightly every time that slag is tapped. 

On the furnace floor are required for every furnace, one furnace-keeper, one 
tapper who looks after the lead, and one helper to give the slag-, matte-, and 
lead-pots a clay wash, and to do other work. 

171. Work on the Dump. — In former times, when little matte was made and 
the furnaces were small, there was in use the ordinary two-wheel slag-pot, Figs. 
234 and 235. It is at present used as an auxiliary pot in ore-smelting and 
especially in the smelting of intermediary products in a refinery. The pot is 
wheeled out on the dump,, and its contents are allowed to cool.’- When these 
have Mhdifiled, the pot is tilted, and the cone of slag, with speiss and matte 
adhering to the bottom, rolled out. It is broken with a sledge, speiss and 
matte are sorted and piled, and slag thrown over the dump or reserved for 
further treatment. 

At present, with large furnaces making much matte, the fore-hearth or set- 
tling reverberatory furnace collects any overflowing lead with the speiss and 
matte. The waste-slag pot, which catches the overflowing slag, is hauled by 
horse-, mule-, steam-, or electric-power to the edge of the dump and emptied;^ 
in some instances the waste dag is grajiulated. 

» Keller, Tr. A. I. M. K.,. 1893, xxn, 576. 

»_AHStia, Tr. A. I M. Jsi, , 
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Until a few years ago slag-shells were saved and returned to the blast furnace. 
This practice w^as given up when it was proved by Wraith at Tooele, Utah, in 
1915, that with sufficient settling facilities, the resmelting of slag did not re- 
cover enough values to pay for the cost. With the removal of slag- shells from 
the furnace, the percentage of coke required dropped from 12.92 to 10.76 per 
cent.; further, the smelting as a w-hole was improved, as wdth the slag-shells the 
zinc-content of the charge was increased. In Table Si are given the values^ 

T.vble 81.— Metal Values of Slag and Slag-shells at Tooele, Utah 

Pb, per Cu, per .\g, ounces .\u, ounces 
cent. cent. per ton per ton 


Original slag i i.i 0.28 0,51 Trace 

Slag- shells 1.4 0.62 0.70 Trace 

Original slag i 0.7 0.20 0.5S o 005 

Slag-shells | 1.2 o-39 0.S5 0.005 


of the original slag, and of the slag-shells from the waste slag collected from two 
fore-hearths placed in series. 

The number of men required on the dump varies with the size and number of 
furnaces, and the manner of disposal of slag. The tools required are steel bars, 
picks, sledges, round-pointed long-handle shovels, and iron two-wheel barrows. 

172. Irregularities in the Blast-furnace.^ — The disturbances that occur 
during the run of a blast furnace, having many different sources, are numerous. 
Some are caused by defective machinery and apparatus, others by refractory 
ores, faulty charges, or wrong manipulation. Some accidents due principally 
to the last-mentioned cause may be corrected in the folkjwing way. 

The products of the furnace readily indicate the remedy w’hich is to be 
applied to correct a faulty charge. It may happen that the top of the charge 
becomes hot when the furnace is doing good work otherwise. This does occur, 
if the charge contains battery residues wrhich run high in PbOa- This com- 
pound is readily dissociated by heat into PbO and O ; and the O combining with 
C will generate heat. The remedy lies in heating the residues before they are 
charged, or in reducing the amount added so as not to exceed 10 per cent, of the 
charge. ELilbourn® tried to prevent a hot top by coating the coke with a 
fusible material rich in lead which does not give off O. A mixture of PbS04 
and PbO with other lead-free substances which contained about 60 per cent. 
Pb worked satisfactorily. 

When the charges do not descend as evenly as they should, one side sinking 
faster than the other, the jackets on the lower side being much hotter and the 
tuyeres brighter than those on the upper side, the first change is made in the 
manner of feeding. The fuel is placed more on the hanging side, and ore and 

^ Pigott, M$g. Min, 1916, cu, 

Anon,, JJk, cif., iioo. 

•Lang, Mm, i:39Sf nvn, 51. 

Mm, J.,, TQTS, ^ ^ ytont No. ii 4 S 78 »» Aag. 3, 1915- 
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fluxes on the quickly descending one; then a full stream, of water is turned into 
the hot jackets and that of the cool jackets reduced till there is just an overflow. 
By the combination of these remedies the smelting of the furnace on one side 
more than the other will be corrected, and the charges will right themselves 
again after a few hours. Shaking up the charge with a long, heavy (ii-^-in.) 
steel bar, introduced through the feed-door into the hanging side, will often 
hasten matters. At some works that have to treat ores rich in zinc, it is the 
practice at the beginning of each day-shift to drive in a steel bar at the four 
corners of the furnace as far as the top of the jackets, thus loosening any wall- 
accretions that are forming. B}’ doing this, the number of times a furnace 
has to be barred down to remove accretions is greatly reduced, and the whole 
running improved. 

When the charges descend irregularly, it often happens that the fire creeps 
up, and the charge becomes hot on the surface (overfire, fire-top, hot top). 



Figs. 349 to 352. — Wall accretions in blast furnace. 


The furnace may then be fed down, wrhich consists in adding only just enough 
fresh charge to keep the flame or heavy smoke from passing through. When the 
surface has thus been lowered for 2 or 3 ft., the furnace is filled up quickly again 
and the top thus cooled. Simple sprinkling of water on the top of the charge 
has only a temporary effect- This feeding down helps matters if the overfire 
does not come from a crust in the crucible. 

The cause of the irregular descent of the charges lies generally in the forma- 
tion of wall-accretions (§ 192), which begin on top of the jackets and grow thicker 
toward the feed-dcK>r. They assume different forms. Figs. 349— 352, by Iles,^ 
show some extremes. Fig. 349 represents a more or less regular shape, and the 
smelting power of the furnace is not necessarily reduced. With irregular hang- 
ings, like those in Figs.350,351, and 352, the descentof the charges will he greatly 
obstructed, and the amount of flue-dust much increased. The charge will be 
tight at the narrow parts of the furnace, and the blast entering the tuy^^ will 
be concentrated in a few places and cause “blow- 4 i<fies.” As soon as these wall- 
accretions are discovered, they have to be cut or barred down. In order to 
Mm. J., iMs#, XU, §3. 
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reach, the lowest part, the furnace is fed down and the blast lessened at the 
same time, till the charge has reached about the top of the jackets. While it 
is being lowered, no lead is removed from the well, in order that the crucible 
may be entirely full w'hile the barring-out is going on. The blast is stopped, the 
blast-pipes are removed and the tuyere-openings closed, or the gates shut; all the 
slag in the furnace is tapped, and the flow of water into the jackets nearly shut off. 
When everything is ready, a charge of coke is given with some slag and flux, form- 
ing a bed for the accretions to fall on as they are chipped from the walls. The 
cutting-out is best begun just above the jackets. A square-pointed steel bar 
about io. diameter and long enough (about iS ft. ; to reach from the top 

of the jacket well into the opposite side on the feed-floor, is driven with a 
sledge into the crust above the jacket. If it does not yield, a rope, tied around 
the head of the bar, is thrown to the opposite side, where several men pull it 
and thus break off the crust. This is repeated until the crust has been removed 
in a number of layers, two sets of men working on opposite sides. While the 
crust is being barred off, fuel, slag, and fluxes are added that it may be smelted 
out, when the furnace is started up again. The reason that the barring down is 
begun from below is that otherwise the broken crusts and small slag-charges 
that have been added might so fill up the furnace that it would be impossible to 
reach the crust at the top of the jackets, and new accretions would form again 
quickly. Sometimes, however, if the crust is thick and hard, the barring down 
is begun from the top, continuing until the accumulated crust and slag-charge 
meet the clean side-wall, when these are smelted out, keeping the charges low. 
The furnace is now let down again, and the second half of the barring-down is 
begun at the top of the jackets and continued upward. 

When the sides of the furnace have been cleared, the tuyeres are cleaned out, 
the tuyere-pipes inserted, or the gates are opened, a weak blast, to be increased 
gradually, is turned on, and smelting resumed. Care must be taken about the 
water supply as the jackets grow hot quickly, and about the tapping of the 
slag, as the wall-accretions often melt very fast, and there is danger of the slag 
entering the tuyeres. After starting the furnace, it is sometimes found that a 
small crust has formed over the lead while the blast was shut off. This is 
perforated with a long iron rod or with a steel bar, if necessary*, and mil soon 
disappear, if the furnace was in good working order below before the cutting 
out began. 

A second method of barring down a furnace, said to work well, is to let 
down the charge to below the upper rim of the jackets, and give a bed of coke 
previously described. In the meantime, the bricks between the jackets and 
the collar, on which the shaft rests, are removed for a distance of i or ft. 
The accretions are cut down, beginning from above, and raked out through 
this opening. When the shaft is clean, the c^>emng is bricked up, light charges 
are given, the. furnace is fiil^ with ore-charge, and the blast let on. The 
accretiO'US go to the roasting, furiiaces. 

A tMrd laethocl l»rriiig down is dangerous, althou^ it may be necessary 
at tirru RK and is even exdu^vdty iffied by some^ inelalliifll^ts. The cisarge. m let 
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down to the top of the jackets, and cutting out begun from the top and continued 
until the crust collecting in the furnace has risen so high that the work cannot pro- 
ceed any further. The two breast-jackets are now taken down and the contents 
of the furnace raked out, in order that the cutting may continue until the walls 
are clean. This may take as much as i8 hr. Tw'o parties of three men each, 
working on opposite sides of the furnace, do the cutting, one man holding the 
bar and two sledging. As the work is hard and has to be done as quickly as 
possible, the regular hands have the constant assistance of furnace-men and 
helpers from other furnaces, who w’ork half an hour at a time. While the 
accretions are being removed, a crust 6 in, thick or less will form on top of the 
lead. This is broken up, the breast-jackets are put back, and the lower front 
is closed. Fuel is fed from above to the top of the jackets and the furnace 
blown in anew, adding bars of lead to the first slag-charges to heat up the lead 
in the crucible. 

Guyard^ suggests that by using caustic lime in the charge instead of lime- 
stone these accretions might be made less troublesome, as lime has a decom- 
posing action on the sulphides, of which they consist in great part. The use of 
burned lime as a basic flux has already been commented upon (§137). As to its 
desulphurizing action it should be remembered that while accretions next to the 
furnace walls consist mostly of sulphides, they are usually covered by a thin 
crust as hard as flint, this is followed by a softer substance that is often a powder, 
and this again covered by a crust so tough that it is sometimes extremely difficult 
for a steel bar, driven hard with a sledge, to produce any effect on it. It does 
not seem probable, therefore, that caustic Ume would have any important 
effect on these composite crusts, which must differ from sulphides as much in 
their chemical properties as they do in their physical. 

Some fumace-men^ have found that charging a small amount of salt cake 
along the sides of the furnace frequently removed hangings. 

It often happens, even when a furnace is otherwise doing well, that the tap- 
hole becomes hard and the tuyeres dark. The fuel is then distributed more over 
the cold places, additional fuel being given for a short time if necessary. One or 
two bars of lead are sometimes placed on top of the charge over the tap or 
the tuyeres, but this cannot be commended, although it is often effectual. The 
change in feeding the fuel will generally soften the tap. To soften a cri3st in 
front of a tuyere, the bag or the gate should be closed, or nearly closed, as the 
blast playing on chilled slag can have only a bad effect. If it is turned off, the 
heat generated at the neighboring tuyeres will melt off the crust; then a little 
blast is aEowed to pass through the tuy&re, and gradually increased until the 
full blast can be turned on again. 

When fine ore forms a larger part of the charge, more common formerly 
than is the case at present, a tU3we frequently becomes blocked. Placing an 
open tube through this* and thereby conducting the blast safely through the 

^ Enuaom, Geology and Miniiig: ladostry of JLeadviHe,** pp. 728, 747. 

* 1905, ixsoc, 933- 

* Lang, &tg. Min. 1890, xnix, 174. 
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crude ore may help matters. To remove the fine ore lang^ shuts olf the blast 
from the tuyere and inserts a tube into the ore through the tuyere-pipe, when 
the inside pressure will blow out most of the fine ore, and this can be assisted 
by working the tube. This proceeding may also be necessary if some fine ore 
trickles through the coarser parts of the charge, appearing in a crude state at 
the mouth of the tuyere, and, as is sometimes the case, runs into the tuyere- 
pipe. If fine ore appears at the same time at several tuyeres and t<x> many 
would have to be tied up, the easiest remedy is to feed down the furnace and 
thus loosen the charge. If this does no good, a coarse ore-charge will have to 
be substituted for a short time, or if coarse ore is not to be had, a slag-charge. 

The forming of hearth accretions is indicated on the feed-floor by the top 
becoming hot and the charges not sinking regularly, but in jerks, a foot at a 
time, and blazing up -with every settling. On the furnace floor the lead in the 
well becomes dark, and does not play with the blast. By inserting a rod through 
the tap-hole, the position and often the thickness of the crust can be ascertained. 
Sometimes it only forms a ridge across the furnace, and communication is 
open in front and at the back; more commonly the crust begins at the back and 
grows toward the front, gradually closing all communication. The lead pro- 
duced in the furnace cannot get into the crucible, and runs out wfith the slag. 
A case like this generally needs a change in the composition of the charge; the 
slag analysis will show the defect and give the remedy. As it takes from 6 to 
8 hr. before a new slag makes its appearance, holes are driven wth a steel 
bar through the crust that the lead may find its way into the crucible. If the 
crust has not yet hardened, it is repeatedly perforated by introducing an iron 
rod and w^orking this up and down and to both sides. The crust may be only 
a temporary affair, and can then be worked into the slag, which removes it. 
Cases do occur wher« the crust will not yield quickly enough to being fused 
out and has to be removed by force. This has been ironically spoken of as 
“muscular smelting,” but it is sometimes unavoidable. Before beginning, 
aU the slag in the furnace is tapped, the basin of the lead-well covered wfith 
glowing coal, the blast stopped, the tuyere-pipes drawn out, the tuyeres closed, 
and the flow of water into the jackets reduced. The breast of the furnace is now 
removed wholly or in part, any chilled slag in front is chipped off, and some of the 
loose material raked out into a wheelbarrow'in front of the furnace and taken 
away. A heavy steel bar is passed through two oppc^ite tuyeres nearest the 
breast to hold up the charge. Balls of loam or clay are tamped behind the 
lower part of the front jacket to prevent the charge from rolling down. The 
balls, placed on the end of a board, are slid belo’Sr the front of the jacket and 
rammed upward against the charge with a rod bent to a hook. When this is 
done, any lead that has accumulated in front is ladled out, and the crust thus 
laid bare. A hole is driven through it with a heavy steel bar. It is necessary 
to have a number of th^e ready, as the points soon become dull or bent. The 
hole is enlarged by driving tlie bar again dose to it and breaking the crust 
toward it- Whesn large enough to receive a 2 -in. steel bar, this is wtumed, 

* L0G^ cfiE. 
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inserted into the hole, the crust pried up, and the broken pieces raked out. 
If the crust will not yield, the hole is enlarged and the furnace started up again. 
The lead previously bailed out is returned, and, if necessary, fresh hot lead 
added, the clay balls are removed, the hollow space in front is j&lled with fuel, 
the steel bars are withdrawn from the tuyeres, the breast is put in, the tuyere- 
holes are opened, the pipes inserted, and the blast is let on, but very gently 
at first. When the first two or three pots of slag have been tapped the rod is 
repeatedly inserted to keep the hole open until the new slag comes down. 
The lead will soon show' the effect of ha\ing communication betw^een it and 
the slag partly restored ; it begins to play with the blast and becomes hotter, 
thus assisting the work of the new' charge. 

A crust is sometimes caused by a leaking jacket. This is first indicated by 
the appearance of moisture at the tuyere or the bottom of the jacket. The leak, 
if small, can be temporarily stopped by mixing commeal with hot w^ater, pressing 
it writh the hand into small balls, and throwing these into the water-feeder 
of the jacket. Soon, how'ever, the jacket will have to be removed. For this 
purpose the crust on the inside is first aUow'ed to grow thick by cooling, w'hich 
is done by turning in a full stream of w'ater, and opening the discharge at the 
bottom. Tw’O courses of brick are chiseled out above the jacket. Wlien cool, 
the furnace is stopped, the cooling-water on the side of the injured jacket 
shut off, the w'ater-trough removed, and the injured jacket unhinged, taken out, 
and a new one put in its place. The w'hole procedure need not take more than 
20 min. Should the crust on the inside of the jacket prove too thin and break 
out, the opening is closed by the introduction of clay balls. The space where 
the new jacket is to be inserted must be absolutely clean, as any little pieces 
of brick or other hard matter will obstruct the placing of the new jacket and 
cause much delay- Of course the foregoing has no reference to a furnace with 
wrought-iron jackets extending its entire length. 

The clogging-up of the lead-well is yet to be considered. In smelting sul- 
phide ores rich in lead, sulphide of lead held in solution in the crucible often 
separates when the lead ascends the channel toward the basin. A bent iron 
rod may be inserted to clean it out. This presence of sulphides is generally 
caused by an incomplete decomposition of galena in the furnace on account 
of lack of heat in the smelting zone. If the charge is rich in copper, this causes 
cqppery lead gradually to close up the channel. 

173. Blowing-out. — If ore. flux, or fuel gives out, or if the furnace needs to 
be repaired, or if an accident happens that cannot be remedied in a short time, 
say in 18 or even 24 hr., Ilie furnace has to be blown out. This is done by 
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for the purpose. If this were not done, an explosion might occur in the dust- 
chamber. To check the flame and to reduce the temperature, water is often 
sprinkled over the charge, although its effect on the lining of the furnace cannot 
but be deleterious. When the charge has sunk as far as the top of the jackets, 
the blast is stopped and the tuyere-pipes are removed. All the liquid slag is 
tapped, the tapping- jacket removed, and the breast of the furnace is knocked in. 

Sometimes the furnace is blown down, allowing the charge to sink till only 
heav>’- fumes, but no flames, appear and the entire contents are then drawn. In 
this case there is no need of closing the damper to the dust-chamber; in fact, 
many furnaces have no damper at all. 

The bulk of the slag remaining in the furnace is withdrawn with a hoe Into 
iron wheelbarrows, emptied on the dump, and then chilled with water. As 
it is important that there should be little delay in drawing the charge, a 
number of wheelbarrow’s are placed one behind the other near the front of the 
furnace. As soon as the first is filled with red-hot charge, it is wheeled aw^ay 
and replaced by the second, the emptied wheelbarrow being put at the end of the 
line. When all the charge that can be easily reached with the hoe has been 
drawn, the front jackets are taken down, and the rest is removed. 3klean while 
a thin crust will have formed on top of the lead in the crucible. This is easily 
broken, and the lead is then ladled into the molds, that have been moved 
from the lead-well to the front of the furnace. 

Blowing down is more expensive than is generally believed. The items to 
be considered are: fuel remaining in the furnace, loss of half a shift in blowing 
out, dipping the bullion, barring out, sampling products, treatment of barrings, 
work of mason and extra fire-brick and fire-clay, w'arming the crucible, fuel for 
blowing-in, and loss of half a shift in blowing in. Beside, the general over- 
head expense of the works goes on in the same w^ay. w’hether all the furnaces 
are working or only part of them. If a furnace has been blown down and is 
likely to be blown in again in a short time, it is advisable to keep the crucible 
warm, and a pole, 20 or more feet long, is inserted from the breast and kept 
burning slowly. 

174. Furnace- and Assay-books.^ — daily record is kept of the work done 
by each furnace. One of the many suitable skeletons for this purpose is given in 
Table 82. The time when any change is made in the charge, or when anything 
out of the regular occurs, is noted in the first column of ‘‘ Remarks.” The 
second column of “Remarks” refers to the disposal of products, especially 
the shipment of lead bullion. 

The assay-record, given in Table 83, furnishes information about the daily 
assays made of slag, matte and lead bullion. Under the head of “Remarks” 
are noted the names of any other furnace-products ■which may be assayed now 
and then. Tables 82 and 83 represent very simple forms for keeping records of 
the metallurgical work the furnaces are doing. In a plant there are kept 
gimilar records for each divisioa. of work. The keeping of accounts of a smeltery 
lies bejnoad the iscq^ -of tins 

* Argal, Mm, Se, J¥«wv accan, 573, 732, 750. 



Table 82 —Blast Fuknace Record 


378 


METALLURGY OF LEAD 




SMELTING LEAD ORES IN THE BLAST FURNACE 379 

175. Products of the Blast Fumace.— The products of the blast furnace are 
soft lead and lead buUion, speiss, matte, wall-accretions, hearth accretions, 
furnace cleanings, and flue-dust; slag and gases have been treated in §117 
and following, and §153 and following, 

176. Soft Lead and Lead Bullion.— The term soft lead, as stated in §2, 
is used to designate the undesilverized lead of ^ the ]!vlissi35ippi Valley; the 
name of lead bullion (or base bullion) is reserved for lead carr\ing precious 
metals. Both are cast into bars which are 3 ± ft. long, 4 ± in. wide, and 3 ± 



Figs. 353 to 356. — Mold for kettle dross. 


in. deep weighing from 80 to no lb. The mold has the general form of the one 
shown in Figs. 353-35^; which serves to mold drosses from the dressing 
kettle. It will be seen that the bar of dross is wider, shorter, and less deep 
than the bar of lead. A mold has in center of the bottom raised letters to 
denote the brand of lead or the name of the smeltery at which the lead has 
been produced. 

Table 84. — Analyses op Lead Bullion 
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Compositions of soft lead have been given in Table 3 ; analyses of lead bullion 
are recorded in Table 84. The lead-content of the latter is usually 97 to 98 per 
cent.; it often falls to 95 per cent., and may reach ev^en 90 per cent, with ores 
running high in Sb. The number of the other elements found in blast furnace 
lead is large. As regards their distribution in solid lead, they ma^^ be considered 
to fall into four classes, forming solid solutions, eutectic mixtures, chemical 
compounds, and ha\*ing no *affinity whatever for lead. The first ought to be 
uniformly distributed through a bar; the second^ concentrated toward the 
center, which is supposed to solidify last; the position of the third will vary with 
the solubility; and the fourth will collect near or on the top. But some metals 
form both solid solutions and eutectic mixtures (Bi); others eutectics and 
chemical compounds (Te); again the eutectic points lie so near to pure lead 
that the latter retains a small amount of the foreign element (Cu); lastly 
the foreign elements may combine with one another independently of lead 
and. thus add new complications. This irregular distribution of some foreign 
elements is brought out by the analyses of soft lead by Streng^ and of lead 
bullion by ScherteP given in Table 85. Schertel kept the lead bullion for 24 


T.vble S5. — Distribctiok of Metals and Sulphur in Lead 


Soft lead (Streng) 1 
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hr. above the melting-point in an iron cylinder, 3 ft. 3^^ in. high, before taking 
his samples. The results of Strong show that, together, Cu, Sb, Fe, Zn and Ni 
have a tendency to rise to the surface; those of Schertel indicate the same with 
the exception of Sb which he found to be concentrated at the bottom. Prac- 
tical experience has taught that in a bar of lead, the impurities, with the ex- 
ception of Ag and Au, are found to have collected nearer the top than the bot- 
tom, while the reverse is the case with Ag and Au. The results by the writer, 
given in Table 86 and Fig^. 357-359, show that the lower part of a bar is richer 
than the upper, and that the center of the upper part represents the poorest 


* Roseniechea*, Bisrg. SUMmm. Z., 1894,, 533, 341. 

* Berg, ffmemm, Z., 1859, xmm, *4. 

* lakrmi., 1887, xxxm, 401, 
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Table S6. — DisTRiBfxiox of Ao i.v Lead Bellion’ 
(i.) 149.7 (2.) 150.5 14*3 o '41. 14S.7 

Fig- 357 “I (6.) 137-0 (7.) 152.0 LS. 149.0 19..} i49-0 

[ (ll.) 148.0 (12.) 150.0 150,5 (I4.' I'^O.O 

f (r.) 127.0 (2.) 134.5 

Fig- 35S j (6.) 133.5 (7.) 124.0 

[ (ii.) 129.0 (12.) 132.0 :r3. 15;, o 

f (a-) 432 432 

Fig. 359 { (d-) 450 434 


(S.j 145 >0 
fio.} 1 51.0 
U5.) 152.0 

5S-- 125-0 

(ro.; 134- 5 

ri5.;' 134-0 


part. Similar results have been obtained by Piquet,^ Rahty Roberts^ and 
others. Raht has shown that the part of a bar Avhich solidifies last is the 
poorest in Ag. The bar represented in section in Fig. 360 was sprayed with 
water as soon as molded, that in Fig. 361, cast from the same bullion and at the 


FiG.3S7Tj-r-^^3 T~T~ir '' 

^ ^ ^ a b c F:g. 3 S« 

SECTION 4 5 11 ^ A * ^ 12 

A-B SECTION p ® -rq SECTION SECTION 


Figs. 357 to 359. — Distribution of silver in lead ?ii 


same time, was allowed to cool in the usual way. In Fig. 360 the shell, cooled 
by mold and spray- water, is the richest; in Fig. 361 the parts in contact with the 
heat- withdrawing iron are the richest. 

An attempt has been made to explain"* this concentration of the Ag in the 
lower part of the bar by the separation of the argentiferous lead, while cooling, 



256.2 ,OZS silver per ton Average 25r.4, OZE sliver per 

Figs. 360 and 361. — Sections through bars of lead bullion. 


into crystals low in Ag and liquid lead high in Ag. It is said that when a bar 
baa been molded, the surface cools jBirst, and crystals begin to form there; that 
the sides then slowly solidify, a mass of liquid lead and crystals remaining in 
the center. As the ccK>lng is siq>p<Ked to proceed from the top downward 

Roswag, “B^sargentaliai dm plofnb,** Bunod, Paris, i 8 S 4 » p- *27- 

* Mim. Ind.^ 1894, m, 414. 

* fir. A. I. 18^, ,xx¥iii, 41$. 
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the crystals will continue to form on the cooler upper side and gradually force 
the richer liquid lead toward the bottom. This theory presupposes that the 
mold is a poorer conductor of heat than the air, which can not be the case. The 
reason that the surface of a bar is so much poorer than the other parts is not 
only because of the uneven cooling, but also on account of the impurities that 
rise to the surface. They run much lower in silver than the pure lead, as is 
shown in Table 87.^ 


T.1BLE 87. — Weights and Silver-assays of Lead Bullion and Its Dross 


Weight of lead, ounces 

Weight of dross, 

Assay of lead, Ag, 

Assay of dross, Ag, 

ounces 

1 ounces per ton 
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23H \ 


92.05 

74-47 

27?4 1 

iH 

86-59 

63.55 

6S 1 

I5?4 

84. 21 

66.47 



94.84 

77-30 

30 

- 10 i 

87.79 

74.40 

28M 

7U 

I 93-30 

75.56 

23 M 

10 

1 95-96 

76.44 

24 H 

1 1 

1 105.15 

87.59 
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54 

24 
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23 

; 84.13 

70.00 
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i 

106 . 24 

78.92 

45 

i ^ < 

87.24 

68. So 

47 

12 

98.69 

79-25 


If bullion is so rich in dross that the lead cannot eliquate freely, the natural 
distribution of the silver i\dll be much disturbed. This will account for the 
fact that assays from the top of a bar sometimes run higher than those from the 
bottom. For instance, coppery bullion from the Ramshorn silver mine, Idaho, 
containing so much dross that if dropped on the floor it would break, gave to 
Rhodes® the results given in Table 86 xmder the head Fig. 359. 

According to Rempf, Kenninger & Co.,® Au also seems to be concentrated 
with the Ag near the bottom of the bar as shown in Table 88. 

Similar results have been published by Torrey and Eaton. ^ 


Table 8 S. — Relattve Distribution of Ag and Au in Bar of Lead Bullion 
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Ag 

Au 

Ag 

Au 
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* Private comiaunication. t»y W- 

* Private communicatioa, July, 1891 
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In the early eighties it was the common custom to bury the dross in the 
bars while they were being' molded; at present this manner of disposing of 
dross has been given up. The lead bullion is melted at a low temperature 
in a kettle, poled with air or steam at a low temperature, the dross is skimmed, 
and the lead cast (§115 and 116). With the dross removed, the earlier large 
discrepancies in assay-\’'alues have disappeared. There remains, however, the 
unequal distribution of Ag, and with it of Au, which calls for definite modes of 


H 



Figs. 362 and 363. — Sampling-punch for lead bullion. 


sampling, if accurate valuations are to be made.^ A method which unques- 
tionably gives the best results^ is to take dip-samples, cast in conical molds, 
so-called gum-drops, weighing from 15 to 40 gr. The lead bullion is melted 
in a kettle holding about 30 tons, drossed at 480° C. , poled with air until the 
temperature has fallen to 360°, and skimmed on and off; the temperature is 
now raised to 380°, when dip-samples weighing about 0.5 assay-ton are taken, 
and assayed without trimming- In some cases a sample is taken for every 
bar that is cast. The samples are melted at a low temperature in a graphite 
crucible, the metal is stirred, and dip-samples are 
taken, as above, for the laboratory. Thus, a ship- 
ping lot of 42 tons contains 780 bars, and gives 780 
^‘gum-drop” samples. 

With bars of lead bullion it is customary to take 
samples with a punch, such as is shown in Figs. 362 
and 363. At a distance of in. from the point 

it has a shoulder so that, when driven vertically into 
a bar, it will penetrate 2 in., or halfway, with the 
shoulder making an indentation of 3^x6 in* If driven 
halfway through the bar, say 2 in., it will represent 
a correct sample of that part of the bar. Sampling, 
however, from the ends of the bar gives too high a result, as w'as shown 
in Figs. 357 and 358. The ix>or parts of the bar, represented b}” No. 6 in 
Fig. 357 and No. 5 in Fig. 358, are excluded. The common method today 
is to take punch samples diagonally acro^ a row of, say, five bars, as shown 
in Fig. 364, by driving the punch every time halfway through, turning over 

1 Keller, E. H., “Principles and Practice of Sampling MctaUk MetaHurgiod Materials,” 
122, Biireau of Mines, Washington, 1916. 

* Hulst, Tr. A. I. M. E., 1914, 539 * 

Week^ c£t.f 1915, m, 714. 

Easter, < 



Fig. 364. — Punching of 
lead bullion. 
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the bars and repeating this on the other side in the opposite diagonal. In 
order to show where the holes are to be punched, it is advisable to use a templet of 
sheet iron fitting over the edges, and little spring punches which when tapped 
will mark the right spots on the bar. It will be noted that none of the spots 
fall either on the edge or in the median line. Two men usually work together, 
using 4-lb. sledges. One man will hold the punch vertically, while the other 
gives it the first blow, then both strike three or four times, whereupon a few 
taps on the sides loosen the punch and break the chip. In order to facilitate 
the breaking, the opening at the point is made sometimes three-sided (as in 
Fig. 362) instead of circular. Tw’o men wdll sample a carload of lead bullion 
weighing from 17 to 20 tons in about 2 hr. One serious objection to this 
method of sampling is that on account of the flow of metal, the hardness of 
the dross, and the unevenness of the surface, the chips from the top of the bar 
are likely to be smaller than those from the bottom. 

Recommendations by Kempf and Nenninger^ and Austin^ have not been 
followed. 

Drilling instead of punching has been advocated, but has not found favor. 

The chips obtained by sampling a carload or a lot are collected in a wooden 
box, melted, and cast into a sample-bar. A No. 10 graphite crucible is brought 
approximately to a white heat and taken from the furnace; 
the chips are dropped in and melt quickly; the metal is stirred 
and poured into an iron mold 2 in. thick w’hich gives a bar, 
9 by 3,?4 by in., weighing 6 lb., or one 10 by 5 by 3^^ in., 
weighing 10 lb., as showm in Fig. 365. The bar® is cut in 
two along the dotted line; one-half is reserved for the umpire 
assay; from the other half the four samples (Nos. i to 4), 

each -weighing a little over 3-^ assay-ton, are cut out to be 

assayed. It is essential that the iron mold should be cold 
and thick so that the bar, when cast, shall solidify quickly 
and the precious metals have no chance to become imevenly 
distributed. 

At the Delaware Lead Works the samples used to be 
melted at a very low temperature (some sawdust being added to make the 
rising dross as dry as possible), the lead was poured into a mold and the 

dross raked out on an iron plate and rubbed. Lead and dross were weighed 

and assayed and the result calculated as follows: 

A,a+B.b ^ 

= Average assay. 

A = weight of drees; a = assay of dross; B= weight of lead; &= assay of lead. 
A number of such weights and assays have been given in Table 87. Where 
a large quantity of lead bullion is desilverized, the method takes too much time. 
With bullion rich in dross, it is to be resoommended. 

‘ Emg. Mim. J., 1882, xxxw, 6. 

* Op. cii., 133. 

* P»ni»k5e, MM. CAswi. 1916, xrr, 



Fig. 363. — 
Sample-bar. 
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Sawing of bars as a means of sampling was suggested by Pattinson.^ It 
was practised for a considerable time at Pueblo, Colo. It is used at the plant 
of the International Lead Refining Co.‘ with bars of dross cast from kettles 
in which lead bullion is melted and drossed previous to taking ladle-samples. 
The method is as follows: The bullion is unloaded from the car on to an inclined 
iron trough having rollers at the bottom over which it runs onto a table. Here a 
circular saw is so arranged with a slide and gauge as to make an incision halfway 
through the bar. The cuts are made respectively in the first bar at one-sixth 
of the bar-length, in the second at two-sixths and so on. The sample from a 20- 
ton lot -weighing about 70 ib. is thoroughly mixed, quartered like an ore-sample, 
and then assayed in quantitiesof half an assay ton without anv previous melting, 
as results obtained after melting are likely to be too low. 

The further treatment of lead bullion, that is, desllverization, is taken up in 
Chapter X. 

177. Speiss. — The speiss obtained in lead smelting is principally an arsenical 
speiss, as seen in Table 89. Antimonial speiss"^ is occasionally made in smelting 
softening skimmings (§262). 


T.able 89. — Ax.\lyses of Speiss 


i Leadville, Pueblo, Denver, 

i Colo. Colo. Colo. 


Ag ; 0.00S5 to 0.014 0.044 

Au ! Trace 0.0034 

Cu i .3628 5.06 4.00 

Pb j 0.4035 0.69 2.00 

Mo i 01.2110 : 

Fe., I 60.5780 59.42 i 56.80 

Zn j Trace : 

Ni 0.0876 i Trace : 

Co [ Trace 

S S-Sigi ) 2.80 ; 

As j 31.4725 31-17 i 32.50 

Sb I Trace ' Trace | 

SiOs i 1 Trace : 

CaO i i i 


Reference ! (a) (6) (c) 


Eureka, 


id) 


Pribram, 

Bchemia 


61 .330 


2 .056 
0.104 
9 ■ 600 
18 . 750 
2 450 




Monterey Overpelt . 
Mexico. Be’gium 


m ti) 


La.uri'usr.. 

Greece 


80 
. 7S 


4 61 

20 :s 

o . So 


(a) Emmons, “Geology and Mining Industry of Leadville, p. 720; (fej Dewey, Bulletin Xo. 4a, "United 
States National Museum,’* p. 52; (c) Private communication of M. W. lies; ( 4 ) Curtis, “Silver-Lead 
Deposits of Eureka, Nev.,“ Monograph vir. United States Geological Survey, 1S84, p. 160; (e) Balling:, 
Berg. HiUtenm, Z., 1867, xxxvi, 419; (f) Hahn. Tr. Inst. Min. Mei., 1899-90, vir, 271; Cf) Ana. Min. Btlg,, 
1901, VI, 270; (A) Rng. Min. J.r 190S. uatnc, 364. 

The predominant element in arsenical speiss is Fe; the other metals usually 
present are Ni, Co, Cu, and to a small extent Pb, Bi, Au, and Ag. Most speisses 
are produced in conjunction with matte; the S-con tents of such speisses point 
to the solubility of matte in speiss.* Guyard* calls attention to the al^sence 
^ J. Soc. Ckem. Ind.^ 1892, xx, 321- 

* Hulst, Tr. A. I. M. jB., 19*4^ xxnc, S 39 ^ 

* Farravaao-'Cesam, syatosa As-Sfe, Jirtsrwa#. Zi. MetmUegt.^ 1912, ii, 70- 

'* JumJkttr, feeemg-lidait oirw Zi. mmrg. Ckem-^ i 909 » uxii,, %. 

w. tA-f. fk. 

'M 
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of Co in Leadville speiss, which he found concentrated in the dross skimmed 
from the lead-well. He also found as much as lo per cent, of grains of metallic 
Fe free from As in Leadville speiss, which is uncommon. It has been already 
stated that speiss always contains shots of Pb, and that when coarsely crys- 
talline less is found than when it is fine-grained. As regards the presence of 
precious metals, the fact is to be noted that speiss retains considerable amounts 
of Au, whereas very little Au is found in matte; speiss-assa^'s show from a trace 
to 0.5 oz. Au per ton. The presence of metallic Fe in speiss furnishes an 
explanation for the excess of Au over Ag usually found, as Fe has a strong 

affinity for Au.^ Iles^ gives as 
an average of 6 years’ opera- 
tion, that with ore assaying Ag 
41 .000 and Au 0.438 oz. per ton 
(ratio, 100:1.0683); the lead 
bullion assayed, Ag 266.00 and 
Au 3.49 oz. (ratio, 100 : 1.312); 
the matte, Ag 77.00 and Au 

0.08 oz. (ratio, 100 : 0.104), I'b 
10 and Cu 14.8 per cent.; and 
the speiss Ag 24.7 and Au 0.48 
oz. (ratio, 100 : 1.94). An idea 
of the constitution of speiss is 
obtained by the study of the 
following binar}^' alloys: 

I. Ir 071 -arsenic , — This sys- 
tem has been studied by 
Friedrich® within the limits of 
P.t Cent F. 91-6 and 44.0 per cent. Fe, and 

no. 366.-.\Uoy series Dieckman.^ The curve of 

Friedrich, Fig. 366, shows the 
existence of the chemical compounds, Fe^As, with 59.9 per cent. Fe, freezing 
at 919° C.; Fe5.\32 with 53.2 per cent. Fe; and probably of FeAs with 42.8 
per cent. Fe, freezing at 1030°; the compound Fe3As2 being the result of a 
reaction in the solidified alloy taking place at 800°; also the presence of an 
eutectic with As 30 per cent., freezing at 830° C., which consists of FegAs 
and Fe holding some As in solid solution. The alloys representing chemical 
compounds are extremely brittle; alloys with less than 60 per cent. Fe are not 
attracted by the magnet. 

2. Nickd-arsmic. — According to Friedrich and Bennigson,® who investi- 
gated this system within the limits of o and 57.4 per cent. As, there exist, as 

^ See Hofman, “Copper,” 1918, 215. 

* “I^ead Smelting,” Whey, New York, 1902, p. 129. 

® MekMm’giet 1907, w, 129. 

”* SUiM m. 19*4^ XOV, 1694, 

* 1907, If, xio. 
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seen in Fig. 367, a solid solution of Xi and 5.5 per cent. As: the eutectic a with 
27.8 per cent. As, freezing at S9S'" C.; the chemical compound b, Xl^Ass 
with 34.3 per cent. As, freezing at 998'; the eutectic, r, with 4;.'^ per cent. As, 
freezing at 804°; and the chemical compound, d, XiAs with 55.7 per cent. As, 
freezing at 968°- The compound XirAs- undergoes two changes, on ccMiIlng 
from 998°, forming solid solutions with 33.5 am! 35.7 percent. As: hence the eutec- 
tic a is composed of solid solution XiAs an<l comiMjund Xi .\s- enriched in Xi; 
and eutectic c of compound Xi:,As2 enriched in .\s and comjaound XiAs. In 
the solidified alloy there is probably formed at Soo' the o:mi pound Xi As- with 
45.5 per cent. As b\" a reaction between X'i.-.As-j, enriched in A-, and XiAs. The 
three chemical compounds are e.vtremely brittle: only alloys with less than 29 
per cent. As are attracted by the reagent.^ 

Per Cent, Cu 



Percent, Aa , Per Cent, .43 

Fig. 367. — Alloy series Ni-As. Fig. 3ns. — Alloy series Co- As. 

3. Cobalt-arsenic. — The equilibrium diagram, Fig. 36S, of Friedrich- shows 
that the system is complicated by several transformations. The metal Co, 
melting at 1494° C-, forms a solid solution with up to i per cent. As; the curve 
shows an eutectic with 30 per cent. As, freezing at 916° and composed of solid 
solutibn Co-As and transformed CoAsa; also the following compounds: CoAsa 
with 33.7 per cent. As, formed at 926° from CoAs and liquid; CoAs with 38.9 
per cent. As, formed at 959° from CoAsa; CoAsa wdth 45.9 per cent. As, 
formed at 1014° from CoAs; and CoAs freezing at 1179° C. Alloys with up to 
38 per cent. As are not attracted by the magnet; CojAs is non-magnetic.* 

1 See also Friedrich, MeitM. u. Erz.f 1913, X, 659. 

* MidcMm-giej 190S, v, 150. 

* See also FoedrfcK u. Bra., 1913, x, 659. 
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4. Copper-arsenic, — The curves of Friedrich^ and Bengaugh-Hill- are repre- 
sentatives for this system. In the revised curve of Friedrich, Fig. 369, Cu is 
seen to form with As a solid solution containing 4 per cent. As at 684° C.; then 
follow an eutectic with 78.5 per cent. Cu, consisting of solid solution Cu-As and 
CusAs; the compound CusAs, containing 71-8 per cent. Cu and freezing at 830°; 
and the hidden compound CU5AS2, with 67.9 per cent. Cu formed at 710®. No 
definite information exists regarding the horizontal lines at 604 and 307® C. 

5. Lead-arsenic.' — See §16. 

6. Other Metals-arsenic. — Beside the principal metals of a speiss, the freez- 
ing-point curves of which have been given, there are likely to be present other 

metals in small quantities, such as Pt,’"* 
Au,^ Ag ,5 Bi,® Sn/ Zn,® Mn^ and others. 

178, Treatment of Speiss. — The treat- 
ment of speiss in order to recover Pb, Cu, 
Ki, Ag, and Au has been and still is a 
difficult problem. 

At Eureka, Nev., Davies^® devised a 
simple method for the recovery of precious 
metals from the speiss given in Table 8p. 
It consisted in tapping 800 lb. of speiss 
into a small cylindrical iron converter 
lined with fire-brick, Fig. 370, adding 
from 20 to 25 per cent, liquid lead and 
introducing from the bottom a blast of 17 oz. pressure through a pipe 

for 3 or 4 min. This stirred up the lead and speiss and burnt off some As. 
Most of the Ag and Au was taken up by the Pb; the liberated Fe corroded 
the lining somewhat, but ate through only very slowly. The converter was 
turned down and the content discharged into a cast-iron receiver having the 
form of a slag-pot, the bottom of -which had a hole for tapping the 

lead. The desilverized speiss solidified quickly, following which the still liquid 
lead was tapped. Best results w’ere obtained when the lead assayed 40 oz. Ag 
to the ton. The desilverized speiss was then a waste product. The claim 
was made that from a speiss of the composition shown in Table 89, 85.5 per 
cent, of the Ag and 89-28 of the Au were extracted, with a loss of Pb varying 

i MetaMm'gie, 1905, 11, 484, 190S, v, 529. 

* J. Insi. Jfel., 1910, m, 34. 

• Fri«irkh- 3 Lero«x:, Mekdlwgie^ ^908, v, 148. 

* Friedrich, ri#,, 1908, v, 603. 

♦ Friedrich-Lertwx, <M., 1906, in, 193. 

Hekke-Lercmx, ZL mnmg. Ckem.f 1915, xcn, 119. 

• Friedrich-Ijtwmx, 1908, v, 148. 

Heicfce, InioFmd. Zi, vi, 209. 

7 PaOTFaxto-Ceaiw, «p. ah., 1912, n, i. 

* Frfedrkh-I^rwix, 1906, m, 477- 

• Schoen, 0p. di., 190^, t, 737. 

Rkkaxd, £»g. Mm. J.,' . 
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from 5 to 8 per cent. At Freiberg, Sa.xony^ and Oker, Harz [Mountains^ Pb- 
bearing speisses are treated in manners which meet local requirements. 

The Freiberg speiss contains Fe 24.S, XiCo 19.6, Pb 7.1, Cu 10.9, Sb 27.0, 
As n. d., Ag 0.06, Au 0.0003, Pt 0.014 per cent. It is dead-roasted and then 
smelted with pyrite, galena, litharge low in Ag, and matte-slag in a lead blast 
furnace. Earlier work, smelting raw speiss in a reverberatory furnace, wdth 
the addition of an equal amount of flux consisting of 66 per cent, barite and 
34 per cent, quartzite to form lead bullion, speiss, and matte, had shown that 



Fig. 370. — Davies converter for desilverizing speiss. 


as long as the refined speiss assayed over 25 per cent. Fe, a matte containing 
Cu, Pb, Ag, and some Ni was obtained w'hich separated readily from the 
speiss. The speiss, wEich amounts to 25 per cent, of the original charged, 
contains Fe 24.8, NiCo 19.6, Pb 7.1, Cu 10.9, Sb 27.0, As n. d., Ag 0.06, Au 
0.0002, Pt 0.014 per cent. 

The Oker speisses are represented by the following two analyses Fe 1-65, Zn 
1.82, Ni 0.13, Co 0.24, Pb 35-20, Cu 51.73, Bi 1.63, Sb 3.34, As 2.75, S 1.38, 
AgAu 0.175 pet cent.; and Fe 22.17, Zn 3.31, Ni 1.60, Co i.ir, Pb 16.6S, Cu 
25.85, Bi. n. d., Sb 13.50, As 11.04, S 4.13, AgAu 0.085 per cent. 

The method of treatment is a roast-smelting in a reverberatory fumace. 
The products are copper to be granulated and slag. The copper granules 

^ HubJOter, GUMck w/, I'QoS* 6. 

BfofiaaB, jyr»w. 4^4- 

* : 

HMimn, HI*. 
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have the following composition: Fe 0.028, NiCo 0.750, Pb 0.887, Cu 91.470, 
Bi 0.286, Sb 2.133, As 3.863, Ag 0.462, Au 0.0154; total 99.8944 percent.; 
the slag goes back to the blast furnaces. There are in use two reverbera- 
tory furnaces, the hearths of which are built into iron pans, water-cooled at 
sides and bottom, with movable roof. One furnace has a hearth 10.33 by 
5*74 ft- and a grate 5.58 by 1.64 ft.; the hearth of the other is 11.15 by 6.56 ft. 
and the grate 5.77 by 1.64 ft. Both furnaces have under-grate blast. The 
bottom of the hearth consists of a layer of marl tamped down firml} , followed 
by a course of brick laid dry. The working bottom, rammed into place, is a 
mixture of 20 parts shale and 80 parts marl ground to pass a i-mm. hole- The 
metal bath of furnace No. i is 0.48 ft. deep, that of No. 2, 0.69 ft.; the copper is 
tapped, from both sides into granulating basins. The mode of operation is as 
follows: Charge 3.5 tons poor speiss into the smaller, or 5 tons in the larger 
furnace; bring to a red heat and roast; melt w’hen no more fumes are given off; 
skim the dross which has a metallic appearance, and turn on the blast (pressure, 
38-40 mm. Hg); skim the slag, which takes up Fe, Sb, Pb, and Zn in the order 
given; lower the temperature, when slag ceases to form, until the bath becomes 
pasty, and turn off the blast to assist volatilization of As; fire up again when 
fumes of As cease to be evolved; continue cooling and firing up until no more 
As is volatilized. The speiss in the furnace has become enriched to 75 per cent. 
Cu. Charge 2.5-3 tons rich speiss; fire up; roast as much as possible and liquefy 
charge; skim the dross; turn on blast; skim slag; cool and reheat as before to 
drive off As. In order to obtain satisfactory granules, the Cu-content ought 
to range between 90 and 93 per cent. It takes 40 hr. and 1.43 tons coal to refine 
6.5 tons charge in furnace No. i; the 1.43 tons of hearth material, forming 
the W’orking bottom, lasts 9 charges. With furnace No. 2, the 8- ton charge takes 
48 hr. and 1.6 tons coal; the 1.6 tons hearth material of the -working bottom 
lasts 6 charges. 

Boasting of speiss -with the object of expelling the As as AS2O3, and using the 
Fe as a basic flux offers man3' dififlculties on account of the formation of metallic 
arsenates (MetsAssOs) w’hich are not decomposed by heat. The reducing 
roasts advocated by Plattner^ to convert arsenate into arsenide, do not appear 
to work satisfactorih',- and are rather tedious, lengthy, and thereby expensive. 
A very efficient method of e.xpeliing As is to crush the speiss, mix it -with p3n:ite 
concentrate in the proportion of 10 : i, and roast in a reverberatory furnace; 
the pyrite eliminates a large part of the As as AsarSi,, and the SO3 formed in 
roasting decomposes MetAs, converting it into MetSO^. 

Heap-roasting in lots of 50 tons, -which burn from 2 to 4 weeks, is a method 
which -will be used only in exceptional cases. The erection of a heap requires 
special attention in order to insure a satisfactory draft; the product is uneven 
^ that imperfectly roasted speiss has to be sorted out, crushed, and retreated 
in a reverberatory furnace. 

^ Metallurgkche RSstprocesse,” p. 352. 

* Peflum, TV. A, I. M. J2., xvin, 43, 457, 

CaMnfcdt-ILniAt, xxxvmif 162- 
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Smelting partly-roasted speiss in a blast furnace with the addition of 

pyrite gives an excellent expulsion of As. 

Blast roasting of speiss in a pot was first tried by Guillemain he crushed 
the speiss, mixed it wdth crushed limestone, silicious material ('acid copper blast 
furnace slag, coarse sand, crushed fire-brick) and some lead matte for control of 
temperature and Cu-content. In blowing, he covered the gral.e with crushed 
limestone, charged glowing fuel, covered this with limestone, fed part of the 
charge to have the pot quarter-filled, and added the rest when oxidation had 
progressed satisfactorily. Thus, 12 tons speiss fPb 9.9, Cu 6.65. Fe 4S.5. XiCo 
3.4, As 18.5, Sb 3.4, S 6.2 per cent., and Ag 61.2 oz. per ton . mixed with flux 
to reduce the As-content to 10-15 cent., gave flue-dust Cu 1.6, As 47.8, 
Sb 11.4, S 0.88 per cent., and Ag 1.6 oz.per ton * and, after fusion, a concentrated 
speiss with Pb 4.75? Cu 8.15, Fe 30. 8, NiCo 12.5, As 20.6. Sb c.qo. 5 n. d. jKir 
cent., and Ag 72 oz. per ton. 

An experimental charge of 500 lb. was blowm for 5 hr., and its .\s-content 
reduced to from 3 to 5 per cent. 

He found that leady speiss with 40 per cent, .\s Pb 4.50, Cu 2.25, XiCo 
0.70, As 4.00, Sb 0.30 per cent., and Ag S02.1 oz. per ton had a higher melting- 
point and a behavior different from one with 20 per cent. As Pb 2.75, Cu i.oo, 
NiCo 0.50, As 20.00, Sb 0.42 per cent., and Ag 300.40 oz. per ton , The speiss 
with 40 per cent. As emitted fumes of As^Os and Sb-Os until it had lost about 24 
per cent, of its w'eight, w’as changed into a porous spongy cake, and required 
less flux than speiss with 20 per cent. As. 

The Huntington-Heberlein process is in operation at Map; mi, ^Mexico. 
Speiss (Pb 12, Cu 9 per cent.) mixed with 2 to 3 times its weight of matte Pb 
10 to 16, Cu 10 to 14 per cent.) that the mixture may contain S ic and As 7.5 
per cent., is crushed to pass a to f’jfe-in. screen, rough- roasted in a Godfrey 
furnace at the rate of from 24 to 30 tons in 24 hr., a.nd hiown i.n a 12-ton pot. 
The charge is made up of 50 per cent. Godfrey material, 40 per cent, silicious 
carbonate lead ore, and 10 per cent, flue-dust. The pot rccei\'es a bed of 
glowing coal as kindling; then i-ton lots are fed at a time until 10 tons have 
been charged. The time of a blow ranges from 13 to 17 hr.; the blast roasted 
cake (S 6.4, As 5.0 per cent.) and the fines 110 per cent. * go to the blast 
furnace. 

Converting of raw leady speiss, w'hich usually contains about 5 per cent. S, 
in a small basic-lined converter with an addition of SiOa ought to w’ork satis- 
factorily, as the amount of heat generated is more than sufficient for the purpose. 
Large-scale tests, how^ever, have been unsatisfactory so far. The speiss appears 
to burn at the surface and attacks the lining, wffiile on the bottom remains a 
heavy speiss rich in Pb and Cu which cools and forms a bottom-crust. Con- 
verting a mixture of matte and speiss can be made to work satisfactorily. In 
the absence of suitable matte, the speiss can be enriched in FeS and CusS by 
smelting in the blast furnace with pyrite, and at the same time freed from 

‘ 1910, vu, 595. 

HMm,, y., 191*, XCE, 858. 
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a considerable portion of its As which passes off from the throat of the furnace 
as a yellow-brownish fume of As^Sy. 

In converting the speiss-matte, the Pb, a large part of the Fe, and some Cu 
and Ni go with the slag, while the concentrated speiss retains the remaining Ni, 
Cu, and Fe. The speiss may be granulated as it is poured from the converter, 
and treated by a w’et process for the recovery of Ni, Cu, and precious metal. 

179. Matte. — The matte produced in the lead blast furnace usually contains 
Fe 45~6 o , Pb 10-15, Cu 5-10, S 22-25 per cent. It is a mixture mainly of sul- 
phides of Fe, Cu, and Pb, which frequently contains small quantities of metallic 
Fe, Cu, and Pb. Besides the main sulphides there are found sulphides of Zn, 
Ni, Co, Mn,i Ba, perhaps Na and K,- some arsenides, and slag. Many mattes 
contain some Fe304; this is more frequentl^^ the. case with copper mattes,^ 
formed in blast furnaces run with pyritic effect, than with lead mattes produced 
under strongly reducing conditions. The formation of Fe304 in smelting has 
been considered in §134 and 135, According to Mostowitsch^ the magnetite 
in matte is present as a solid solution of FeO and Fe304, w'hile Hostetter and 
Sosman® hold that there obtains a solid solution of Fe304 and Fe203. 


90. — Analyses of Matte 



Clausthal pjj. 

1867 1907 bram 

Pueblo Denver 

pelt 

Leadville 

Pb 

41-50 13.72 II. 16 

S.0C10.72 8.5016.00 ' 8.00 

14. 8 

18.0 

Cu 

0.36 7.6S 1.59 
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{a) per t«B. 

j p. 86. (2) Waldeck, “Streifaiige durch die Blei-und SilUerb'atten 

de« Oberharses, Kimpp, Halle, 1007, p>. 22. (i) Qesterr. Jahrb. 1891, xxxix, 24- (4) Ann. Min. Bdg., 
190 r . m, 270. CS) Priwte aamniMaicatiota, W. H- Howard. (6) Same, M- W. lies, (7) Same, R. D. Rhodes. 

^ Go<feimE, Eng. Min, JT., igoo, isux, 44- 

* Canby, cU,, 1899, ixvm, 3. 

* Hof man, “Metalnrgy ol Copper/' 1918, p. 214- 

* Private cxwamMiMcatiott, 1917. 

Am, CMam. Sm:,, 1916, xrscrai, 
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Analyses of mattes are given in Table go, which gives examples of normal 
and concentrated mattes. The liigh percentage of Pb in the matte produced 
at Clausthal in 1S67 was caused by the area of the fu^ion zone, which was made 
large in order to obtain a low temperature and to d,imini^h thereby the slagging 
of the brick furnace- walls; 
but the low temperature 
resulted in an imperfect 
decomposition of PbS. In 
the modern furnace, analysis 
of 1907, which has a con- 
tracted water-cooled melt- 
ing zone, the lead-content is 
normal. The analyses show 
that, on the whole, the Pb- 
content rises with that of 
the Cu, whereas the per- 
centage of Fe falls. 



Fic.. 3 7 1. —All 


: Ft'S-Fe. 


180. Constitution of Matte. ^ — The constitution 4:)f matte lias been revealed 
to a certain extent by investigations into the binary systems of metal and sul- 
phide, and of sulphides, which have been made in recent years. Ternary sys- 
tems of sulphides, knowledge of which would supplement the results obtained 
by the work on the binary, have not been studied so far. 
o^_ I. FeS-Fe . — The freezing-point curve 

has been traced by Tammann-Treitschke- 
and Friedrich.''' -The curve of the latter 
is given in Fig. 371; it shows that the 
two components form an eutectic mixture 
with S5 per cent. FeS and 15 per cent. 
Fe, freezing at 9S3" C.; also that Fe can 
hold in solid solution less than ,3 per cent. 
FeS, and FeS less than i per cent. Fe. 

2. CuiS-Cu. — The curve of Heyn- 
Bauer^ is given in Fig. 372. It shows 
that the freezing-point of CuaS, which 
lies at 1127° C., is lowered b}’ additions of 
Cu until the temperature has fallen to 
1102°; that a further separation of Cu 
from a mixture of the two components 
does not lower the temperature, until the 
composition of the ordinal has been changed to 10 CugS and 90 Cu, whereupon 
the curve, horizontal at 1102°, falls quickly to the eutectic point of 3.8 per 
cent. CusS at 1067°, and rises similarly to the freezang-poin^" 

Fidtoa-Gwiner, Tr, A, I, M. JB., xxxix, 584- 
* ZL mm-g. Chm,^ 1906, xiax, sjio; MeiMtmgie^ 1:907, iv, 54. 
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Fig. 372. — Alloy series C 
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The more recent research of Urazoff' gives data differing largely from those 
of Baner-Heyn; it states that the melting-point of Cu is lowered by additions 

of S, until an alloy viith 4.36 per cent. 
CusS has been formed; that it rises with 
further additions of S until a separation 
into two layers takes place, the upper 
freezing at 1121° C. and the lower at 
1070°. He finds that liquid CU2S can 
dissolve 1.55 per cent. Cu and 1.12 per 
cent. S, and that Cu and S remain in 
solution upon solidification; but that 
on further cooling, the Cu2S-Cu solu- 
tion is transformed from /S-CuaS to 
a-CuoS, and the CugS-S solution 
assumes the more stable form of 
a-CuaS. The formation of moss cop- 
per is explained by the breaking-up of 
a solid solution having an excess of Cu, 
in the transformation of CuaS to another 
PerOsnt.s’ ^ modification (see AgaS-Ag below). 

Fig. 373.~AIloy series NiaS-? ^ 3- P65-P6.— This curve has been 

discussed in §39. 

4. NizSr~yi - — The results of the study of Bornemann^ of this series of 
alloys within the range of o and 31 per 
cent. S are given in Fig. 373. They 
show that the components form one 
chemical compound NigSa, freezing at 
787° C., and probably a second NieSs; 
that there exists one eutectic of 
freezing at 644° C. and 
probably a second, Ni3S2-Ni6S5. Be- 
tween o and 26.7 per cent. S he found 
mixtures of Ni and NiaSa; and between 
26.7 and 31 per cent. S, mixtures of 
J>TisSg and NigSs. His investigations as 
well as those of others® have shown 
that NiS heated in a neutral atmo^here 
gives off S until it has been changed 
to NiaSa- In the older literature there 
is recorded the compound NisS. Though Munster^ and Schweder® recognized 

^ Ann. Imtii. Pdykick. Pierre le Grandj 1915, xxin, 593, through J. Inst. MeL^ 19x5, xiv, 
234. 

* MetaUurgie, 1908, v, 13; 1910, vn, 667. 

* Hayward, Tr. A. I. M. E., 1914, XLvm, 141. 

* Berg. Brntemm., Z., 1S77, xrxvr, 195. 

* Op. cit., 1879, xxx^m, x8. 
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Fig. 374. — ^AUoy series AgaS-Ag. 
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the existence of metallic Ni, and gave the mixture the formula NijS, Borne- 

mann has given the true explanation. 

5. .4g25-.4g. — The curve of Friedrich-Leroux, Fig. 374,^ e.xtending from 
o to 97 per cent. AgsS, shows that the melting-point of Ag (962= C. i is lowered 
by admixtures of Ag..S, until with from ii to 15 per cent. AgS it has fallen to 
906^; with higher percentages of Ag^S there are formed two layers extending to 
90 cent. AgsS. The horizontal line at SoS* C. denotes the freezing of Ag^S; 
the one at 175° a transformation of AgnS. 

The more recent investigation of Urazoff” shows that liquid dissolves 
0.65 per cent. Ag; that above this content there exist in the liquid state two 
layers, the upper freezing at Soo*^, the lower at 900= C ; and that the lower ui>on 
solidification retains 14.7 per cent. Ag^S. The research shows that Ag-S 
undergoes a transformation at 57^° which retains 0.5 per cent. Ag, but releases 
this, with lowering of temperature, at 175^ and at no' C. The release of Ag 
from AgaS furnishes one explanation for the formation of moss silver, but moss 
silver forms also from pure AgaS by dissociation. 

The older research of Bissett*** stated that AgaS melted at Si 5’ C.. that at 
903° mixtures of Ag and AgaS containing from 17.25 to 49.24 per cent. AgaS 
formed two layers, and that there existed an eutectic with 90 per cent. -\g2-S. 
freezing at 804°. 


Per Cent, PbS 

100 90 SO racoiio 403020 


6. FeS-Cu^S . — The final answer to the constitution of this important 
system has not been given although it has been repeatedly examined.^ Taking 
the freezing-points of FeS at 1155° C. and 
of CuaS at 1130°, which are the best figures 
at present, the two branches converge 
toward an eutectic point in the neighbor- 
hood of 870°, the actual place of which is 
not yet settled. Some investigators have 
found chemical compounds on the CuaS- 
branch, others deny their existence; again, 
some have failed to find any eutectic 
structure, others lay stress upon its ex- 
istence. 

7. FeS-FbS . — This system has been 
studied by Weidmann® and Friedrich® 
with similar results although Friedrich chose as raw' materials pyrrbotite 
(FctSs), and galena with 87.1 per cent. Pb instead of PbS writh 86.6 per cent- 
The curve of Friedrich is reproduced in Fig. 375. It shows that the two sul- 
phides form an eutectic mixture with 30 per cent. Fe7S8 and 70 per cent. PbS, 



0 10 20 30 40 50 60 70 80 90 1M 
Per Cent. F’eS 

Fig. 375. — -\lloy series FeS-PbS. 


^ MetaUw^gie, 1906, m, 361. 


* Tr. Xjhem. Soc., 1914, cv, 1223. 

* Hofmaa, “MetalliiTgy ©f Cffipper,” 1918, p. 213. 

* JCeteUwfie, 1906, Mo. 
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freezing at 863'^ C. Weidmann places the eutectic point, mth 25.8 per cent. 
FeS and 74.2 per cent. PbS, also at S63'. Both researches agree in drawing the 
eutectic line to the ordinates, thus proving that the sulphides are mutually 
insoluble in the solid state. 

8. FeS-ZirS.— In the investigation Friedrich^ used as raw materials 
pyrrhotite and blende. His curve, Fig. 376, covering a range of o to 60 per cent. 


PtT tVnt, r.: s 
lUO ao tiO TO W TO TO » ■-’0 
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Per Cent, .ZnS 

Fig, 376. — Alloy series FeS-ZnS. 



ZnS, shows that the components form an eutectic with 95 per cent. FeS and 
5 per cent. ZnS, freezing at 118S' C., and that ZnS is soluble in FeS to the 
extent of perhaps 3 per cent. 

9. FeS~Ag»S . — The diagram of Schoen,- given in Fig. 377, shows that the 
components form an eutectic with ii per cent. FeS and 89 per cent. AgsS, 
freezing at 600® C., and that they are slightly soluble in one another so that 
within the limits of mattes usually produced, Ag2S may be considered as 


Per Cent, Cu • S 



Per Cent. FbS 

Fig. 378. — Alloy series C«aS-PbS. 
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Fig, 379. — Alloy series Cu2S-ZnS. 


forming a solid elution with FeS. .The horizontal line at 175®* denotes the 
transfornmtion of AgtS. 

10. Cu»S-F&S . — In the investigation of this system, Friedrich® used galena 
with 87. 1 per cent- Fb, whcr^s PbS contains 86.6 per cent. Pb. His curve, Fig. 
378, shows an eutectic with 51 per cent- CuiS and 49 per cent. PbS, freezing at 

^ Op. €tt.f 1908, V, II4. 

® Op. cH., 1911, vra, 737. 
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540“ C. The eutectic line extemls from ordinate to ordinate, thus proving that 

the components are mutually insoluble. 

II. Cii‘2S--ZnS .- — The zinc sulphide used ]jy Friedrich’ was blende with 
66.39 percent. Zn, whereas ZnS contains 67.0S per cent. Zn. His curve, Fig. 379, 
shows that the two components have no altinily whatever for one another and 




are mutually insoluble. It does not furnish an explanation of the fact that the 
presence of Cu in matte is favorable to the collection of Zn.S. It has been showm 
above that ZnS is slightly soluble in FeS; it may be possiVde that the presence 
of CU2S increases the dissolving power of FeS. 

12. Cu2S-Ag2S . — The curve of this system. Fig. traced by Friedrich = 
shows that the components form solid 
solutions throughout; the minimum lies 
at 677° C. Tvdth an approximate composi- 
tion of 30 per cent. CuaS and 70 per cent. 

AgoS. The curve gives the reason for 
the well-known fact that the presence of 
CU2S in a matte greatly favors the collec- 
tion of AgaS. 

13. PhS-ZnS . — The diagram of Fried- 
rich,® based upon the use of blende and 
galena as noted above, is given in Fig. 

381. It shows an eutectic with 92 per 
cent. PbS and 8 per cent. ZnS, freezing at 
1044° C., and the insolubility of ZnS in 
PbS. 

14. PbS- A — ^Here Friedrich'* used galena, as in previous work mentioned, 
as one component. The curve, Fig. 382, shows an eutectic with 23 per cent. 
PbS and 77 per cent. Ag*S, freezing at 630°, and the solubilities of the com- 

* Op, cU,j V, 1 14. 

* Op. cH.^ *907# %*• 

, 11,4." 


Per Cer.t, A 7 iS 

100 'SO m 4Q 2C' C 
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ponents, AgaS forming with about 6 per cent, of PbS a solid solution, and PbS 
with about 3 per cent, of AgaS. The horizontal line at 175° indicates for the 
transformation of AgaS. 

15. PbS-SbuSz. — The results of the study of Wagemann^ are given in Fig. 
383. They show an eutectic composed of SbaSs and 2PbS.Sb2S3 with 17 per 




cent, PbS, freezing at 426“ C.; the insolubility of PbS in SbaSs; a solid solution 
of SbaSa and 2PbS.Sb2S3 between 44 and 58.8 per cent. PbS, below 577°; 
the chemical compound 2PbS.Sb2S3, freezing at 577°; and a solid solution of 
zPbS.SbaSs and PbS to the extent of 4.1 per cent. Pb at 577°. 

The research of Jaeger- gives differing results. He found one hidden chemical 
compound 2PbS.Sb2S3 at 609" (jamesonite), a second compound, 5PbS.4Sb2S3 

at 570° (plagionite), and an eutectic of 
plagionite and stibnite with 80 per cent. PbS, 
freezing at 495° C. 

Pelabon* found an eutectic with 22 mol. 
PbS and 70 mol. SbaSa freezing at 482° C., 
one hidden chemical compound PbS.Sb2S3 
(zinkenite) at 568° C., and a second com- 
poimd 2PbS.Sb2S3 (jamesonite) at 610°. 

16. PbS-SnS . — The data of Heike^ are 
given in Fig. 384. He finds that PbS, melt- 
ing at 1106° C., forms a solid solution with 
as much as 8 per cent. SnS; and that SnS, 
melting at 880°, forms at its freezing temper- 
ature a solid solution with 61.27 per cent. 
PbS; he believ<^ in the existence of the chemical compound PbSnSs with a 
melting-point of 880° C. 

17. — The curve of Friedrich,® given in Fig. 385, shows an eutec- 

* Op. cU., 1912, DC, si«, S37. 

* Vin ImiernM, Cmsress Apj^. Chem., 19Z2, n, 139- 

* Com pi. r«s£f., 1913, cvTLf 705.. 

* MeiaUmrgie, 191:3, jx, 313. 

*0#. ciS.f 1908, V, 1 14, 
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tic with 3 -per cent. ZnS and 9S per cent. AgaS, freezing at 800° C., and the 
insolubility of ZnS in AgaS; whether AgaS is soluble in ZnS has not been 
ascertained, as the eutectic line extends only to 80 per cent. ZnS. 

18. Arsenides . — These have been treated in §117. 

19. Photomicrographs. — Illustrations showing the constitutions of some 
mattes have been furnished by Fulton and Goodman.^ Fig. 386 represents 
a concentrated blast furnace lead-copper-iron matte from Durango, Colo, 
with Cu 55.45, Pb 1S.34, Fe 6.25, S 18.42 per cent., magnined 385 diameters. 
It shows an eutectic of PbS and CuaS, and a light field of the excess-component 
CuoS. The CU2S is probably a solid solution of CusS and FeS; the dark specks 
in the light field are particles of metallic Cu. Fig. 387 represents a reverberatory 



Fig. 386. — ^Lead-copper-iron matte. Fig. 3S7. — Copper-lead-iron matte. 


copper-lead-iron matte from Argo, Colo., wdth Cu 41.51, Pb 4.91, Fe 22.47. 
Zn 3.43, S 24.75 cent., magnified 385 diameters. The center of the field 
shows the eutectic of PbS and Cu^S; the light portions are excess component 
CU2S; the .darker area at the bottom is FeS; particles of metallic Cu are visible 
in the light field of CuaS. Here again the CuaS may represent a solid solution 
of CusS and FeS, and the FeS may contain some Fe. 

20. Matte as Collector of Precious Metal.^ — Lead matte is a good collector 
of precious metal; it carries considerable Ag, but little Au. It was formerly 
considered satisfactory, if the blast furnace matte assayed one-third as high 
in Ag as the lead bullion; at present it usually assays one-fifth as high unless 
it runs high in Cu. In concentrating matte by itself, about 50 per cent, of the 
Ag-content is collected in the lead bullion produced. The tendency of Au is to 
enter almost entirely the lead bullion. This is illustrated by a fact observed 
by F. R. Carpenter® that if pyritic matte containing little Cu is added raw to the 

^ Tr. A. I. M. E.f 190% xxxix, 540, 

* See also, Bhfittatt, Cof^jcr,” 1918, p. 215, 

* May* 
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charge of a lead blast furnace, all the Au and from 6o to 70 per cent, of the Ag 
will be taken up by the lead fjullion. 

The laboratory experiments of ^lostowitsch^ have showm that the amount 
of Au and Ag extracted from matte by means of Pb is proportional to the 
amount of lead used; that with 80 lb. of lead to 100 lb. of matte, all the Au 
enters the lead bullion, and that wdth equal weights of lead and matte, only 
72 per cent, of the Ag is recovered in the lead bullion. He explains the imper- 
fect >deld of Ag by the reaction 2Ag2S-{-2pb = Ag-Pb+AgsS.PbS; that is, 
AgtS is completely decomposed by Pb (see also §39). 

From the binary systems studied, it is e\ident that CuoS is a powerful 
solvent for Ag-S, and PbS and FeS have a considerable tendency in the same 
direction. As regards Au, a good solvent is found in CU2S; the presence of AgoS 
appears to act favorably upon carr^dng Au into matte; the other sulphides have 
not much effect. However, metals, such as Pb, Cu, and Fe have a strong 
tendency to combine with Au. 

21. Eickel Matte , — The blast furnace matte usually contains little Ni and 
Co. A case of special interest is that of the non-argentiferous lead ores of 
Southeast Missouri which carry small amounts of Ni and Co which are con- 
centrated in the matte when smelted in the blast furnace. At Mine la Motte^ 
the first matte carries from 3 to 3.5 per cent. NiCo, from 0,5 to i per cent. 
Cu, and from 20 to 25 per cent. Pb. When this is roasted in a reverberatory 
furnace, there must remain, when it comes to be used as iron flux, from 5 to 6 
per cent. S in the matte, if the loss of Ni and Co by slagging is to be avoided. 
In the same way the second matte (5-6 NiCo; 20-30 Pb; 1-2 Cu), when 
roasted, requires from 7 to 9 per cent. S to reduce the loss by slagging; it 
is then smelted wdth silicious matter to a third matte (12-17 NiCo; 35-40 
Pb; 3-5 Cu), the slags nevertheless assa\dng 1.25 per cent. NiCo and from 2 
to 2.5 per cent. Pb. Attempts at further concentration in a reverberatory 
furnace proved unsuccessful, the slags carrying 5 per cent. NiCo and 5 per 
cent. Pb. This illustrates the difficulty of concentrating NiCo in a matte when 
Pb is present, which apparently drives them into the slag. The Ni can then be 
recovered only in part and the Co not at all. There remains the introduction 
of As to form a speiss. Neill used this method successfully. The experimental 
furnace he built w'as 30 in. -wide at the tuyeres, and 48 in. at the charging-door; 
the height from tuyeres to charging-door was 6 ft. 6 in.; the crucible, 18 in. 
deep, was partly internal, partly external, and had a siphon-tap. He obtained 
a speiss with 22.53 P«r cent. NiCo (one-third of which was Co), 6.4 per cent. Pb, 
and 4.25 per cent. Cu. The matte that formed contained 3.25 per cent. NiCo, 

8 per cent. Pb, and 7 per cent. Cu, to be retreated; the slag from 0.16 to 0.32 
per cent. NiCo, and from 0.6 to 0.8 per cent. Pb. 

181. TreatmOTt Matte, GmeiaL — The object of treating matte is to 
extract the Ag and Au by means of Pb, and to concentrate the Cu in a small 
amount of Cu-ricb matte whidb is either sold to copper works or brought 

* Met. Ckem. Emg.^ 1916, xrv, , 

* Hdil, Tr. A. LM, , ' y-;, , . , , , „ ,, ; , 
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forward to metailic copper to be desilverized by vitrioiization or electrolytic 
refining. Electrolysis of matte^ has been tried, but has not been successful. 

All concentration-smelting of matte from a lead blast furnace has to be 
preceded by an oxidizing roast in order to eliminate some S and to oxidize some 
Fe that it may combine wdth Si02 and enter the slag. Pyritic smeltingA as 
practised with copper matte, cannot be applied to lead matte on account of 
excessive losses in Pb, and with this of Ag, which are unavoidable. The 
roasted or blast roasted matte is smelted in the lead blast furnace until a matte 
with about 14 per cent. Cu is obtained. The further treatment may be carried 
on in the blast furnace, the reverberatory furnace, or the converter. 

182. Roasting and Blast roasting of Matte.—Roasting may be carried on 
in heaps, stalls, kilns, and reverberatory furnaces. The choice of method will 
depend mainly upon the value of the matte, and the cost of op^erating; a rich 
matte must be roasted quickly so as not to lock up too much money for several 
months. 

In roasted matte,-'* the external part of each piece or pellet contains more 
Ag and Pb than the interior. Any dust that is made in handling roasted matte, 
coming from the surface, will cause considerable loss; again, if e.xposed to rain, 
Ag2S04, formed in roasting, is likely to be lost by leaching. 

Roasting in heaps^ and stalls has become obsolete in this country; it is still 
in operation in some European plants, but is bound to be repjlaced there by 
blast roasting as has been the case here. 

Roasting in kilns, carried on in works of the Harz Mountains. Prussia, and 
of Freiberg, Saxony, which are forced to take care of the sulphurous gases by 
converting them- into sulphuric acid, has not been practised here, as far as the 
writer is aware. Details of these three roasting methods are contained in the 
preceding edition of this book. 

Roasting matte in the reverberatory furnace, which was common p>ractice 
until within a fe-w years, has been replaced almost wholly by blast roasting with 
silicious material as flux, on account of the superiority of this process as regards 
cheapness, small loss in metal, and the advantage accruing from smelting blast 
roasted lumps of oxidized matte and flux rather than the pulverulent product of 
the reverberatory furnace. Hand reverberatory furnaces used to be in greater 
favor than mechanical roasters, as the former gave a better elimination of S, 
and the fusibility of matte caused much caking on the hearths of the latter. 
Some hand reverberatories are still in operation in spite of their low tonnages 
and high costs of operation. Little need be added to the facts recorded in 
Table 42 as regards the hand reverberatory fumace. 

Descriptions of mechanical reverberatory roasting furnaces and data of 
their work are given in the preceding edition of this book and in the writer’s 
** Metallurgy of Copper.*’* 

^ Hofnma, “'Metalaigy ^ Osfipear,**' 5918, p. ^2. 

, Met! 

♦ Caaby, JEmg, 3 £m. 190^ iacov, 719; formatloa cd milplAcfe miaerak. 

* MoQtatw-H® Bodk: lac,* New York, : 
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In recent years the Wedge roasting kiln has overcome, by careful regulation 
of temperature, the fusion and thereby the adhesion of matte particles to the 
hearth. This furnace and its work have been considered in §92. 

Blast roasting matte. The average composition of the first blast furnace 
matte has been given in §178 and Table 90. It shows that the matte must be 
readily fusible, and that its S-content is too high for a satisfactory blast roast. 
The reduction in S is accomplished either by rough-roasting the matte and 
adding the fluxes necessary for smelting, or adding to the raw matte a diluent 
(siUcious material) to the extent of about 20 per cent., which will counteract 
premature fusion and reduce the S-content to the amount required for blast 
roasting. As matte and flux have to be intimately mixed, it is necessary to 
reduce both to a suitable size, say in. and smaller. 

Matte is obtained from the blast furnace either in the form of a solid cone 
or cake, which has to be crushed, or in the liquid state, when it has to be granu- 
lated. Cakes of matte rich in Fe disintegrate readily w^hen exposed for a few 
days to air, especially w'hen this is moist; they are crushed in breakers and 
rolls, usually set to ^ in. Granulation has been discussed in §119. There 
is no question that the angular grains of crushed matte roast more readily than 
the rounded pellets obtained from granulation; the difference, however, dimin- 
ishes wdth the size of particles, so that with pellets of Me diameter it ceases 
to be noticeable. But in granulating, a considerable portion of the pellets is 
larger than in., and these are imperfectl}' roasted. Many smelteries prefer 
to incur the heavier expense of crushing in order to obtain a product more 
suitable for roasting. In the charges for blast roasting ore, given in Tables 
46 and 47, it is shown that the matte is usually incorporated in the ore mixture. 
The principles and practice of blast roasting matte alone mixed with silicious 
material do not differ from those which govern the treatment of ore, and these 
have been given in §84-101. 

A new departure has been made at Herculaneum, Mo.^ The granulated 
matte (§117), with particles not exceeding M size, is mixed with an equal 

volume of limestone (dolomite), crushed to M or concentrator tailing 
(chats), thoroughly wetted and blast roasted in a Dwight-Lloyd machine run 
at a speed to treat in 24 hr. about 75 tons charge. There results a product, 
well sintered, with 4 to 5 per cent. S. An analysis gave, Pb 10.39, Cu 1.64, 
InsoL 3.3, SiOi 2.35, FeO 44.24, CaO 16.05, MgO 9.28, S 4.70, Zn 3.59 per cent. 

183. Concentration Smelting of Roasted and Blast roasted Matte in the 
Blast Furnace. — In adding roasted matte with, say, 5 percent. Cu to the charge 
of the ore blast furnace for the purpose of utiHzing the FeO as basic flux and 
producing a matte with about 14 per cent. Cu, there have occurred troubles 
from fines. This has been specially the case, if roasted r4-per cent, copper 
matte is to be enriched to 40 to 50 per cent. Cu by smelting with silicious 
flux and limestone. Partial analyses of concentrated matte are given m. 
Table 91. A simple and conclusive explanation of this trouble has been fur- 

» Botes^ July, 1^16; MAf. 
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nished by Palmer^ who calls attention to the fact that in smelting a mixture of 
coarse and fine materials, the fine sifts through the coarse and arrives first at 
the fusion zone, causes irregular working of the furnace, and gives rise to cru- 
cible troubles. The present practice, as stated above, is either to rough-roast 
the matte and blast roast it with silicious fines, or to mix it raw with silicious 
material and blast roast direct. The choice between the two methods will 
be governed by the character of the silicious material and the rest of the 
charge- Thus often fine oxide ores may be advantageously added to the 
charge in sufficient quantity to reduce the S-content to the amount required 
for successful blast roasting. 

The blast furnace charge must not be made up entirely of coarse material, 
as it becomes too loose or open, resulting in too rapid smelting and consequent 
imperfect reduction. Blast roasting, however, furnishes, Tables 46 and 47, from 
10 to 15 per cent, fine material which has approximately the same slag-forming 
constituents as the 95 to 85 per cent, coarse. The fines added to the coarse 
charge give it a correct denseness, and being about of the same composition 
as the coarse part do little harm should they separate. In any case, their 
amount is so small that they are well held up by the coarse, and do not segre- 
gate to any noticeable degree. 


T.ujle 91. — Analyses of Con*centratei> Matte 


Cu 

Fe 

Pb 

Zn 

s 

-Vs'*'' 

Au 2 


28. 7 

iS.S 












18.6 

25.6 

17. s 
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22.6 

5-3 i 

7.8 

24.0 

7.9:1 
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38.3 

1 9.3 i 

38. 8 


13-3 








42.0 

23.3 I 

4-7 i 

4.6 

22 . 0 

13-^57 

0 . 145 ? 

43-7 

20.8 { 

4-7 

4.0 

22.0 

15.162 

0.14:4 

44-3 

19. 8 i 

6-5 ; 

5-1 

20.5 

10.324 

0 .Wyo: 

44-8 

1 16.1 

10.5 

4-9 

20.0 

7 • 593 

o,o ?47 

48. 3 

5-9 

23 • s : • • - 


I 5 -I 




The reasons for limiting matte-concentration in a lead blast furnace with 
siphon tap to a matte with about 14 per cent. Cu have been given in §147* The 
mode of operating is the same as when a matte of lower grade is being produced 
in the regular ore-smelting. There is, however, this difference in the fusion 
zone, that a matte with up to about 30 per cent. Cu is ver\' hot, fluid, and corro- 
sive, so that more water is required in the jackets timn in ore-smelting; it makes 
the slag run freely, and this eats into the brickwork below the jackets and into 
the clay-plug stopping the tap-hole. These may have to be freely sprayed with 
water. On ax:count of the rapidity with which a matte-charge passes through 
the'luciiace, the voluiae of blast used is often only one- third of that customary 

J. M. jE., xux,, s®?- 
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with an ore-charge. The Cu-content of the matte is limited to 50 per cent., 
as with a higher concentration metallic Cu begins to separate. 

A plant treating lead ores usually does not have sufficient copper-bearing 
material to warrant a separate matting blast furnace; a lead blast furnace 
therefore has to serve for concentration smelting to produce matte with 40 to 50 
per cent. Cu. 

The simplest way of operating is to change from ore-charge to matte-charge, 
to work in the usual way, reducing the volume of air as the furnace otherwise 
becomes hot at the top, and to collect lead bullion from the well until this freezes 
or becomes choked with coppery lead. Then lead bullion and matte are col- 
lected in the fore-hearth, mth slag overflo^ring in the usual wmy. Lead bullion 
and matte are tapped into an iron tapping basin; into the liquid contents is 
placed an inverted T-shaped iron bar with hook or eye so as to permit raising 
later of the solidified cake of matte by means of a tackle, and molding the lead. 
When the matte on hand has been smelted, the furnace is put again on ore- 
charge. The changes in lead bullion and matte are ascertained by assays. As 
soon as these show normal values, the lead-well is opened uith an oil flame, 
and loosened dross is raked out. When the bottom of tlie channel has been 
reached, a hot bar is driven through the remaining plug to furnish an opening 
for the lead. This will rise in the channel and carry with it the coppery lead 
still remaining in the crucible. It takes about a week for the lead- well to close 
up, and a fortnight to remove completely the coppery lead from the crucible. 
At some works the tapping jacket has two tap-holes one above the other. The 
lower may serve for lead and matte and the upper for slag, or the lower for lead 
alone and the upper for matte and slag. 

Furnaces are also pro\’ided with a lead-tap on the side opposite the well, 
when matte and slag are tapped at the front in the usual way. The lead-tap 
is then placed from 3 to 8 in. below the top of the crucible. 

In order to reduce the amount of intermediary grade of lead, the lead in 
the crucible is dipped through the w’ell until the lower end of the channel is 
laid bare. This is then closed with a clay plug, and ore run until the crucible 
is about filled again, wffien matte-charge is put on. The lead reduced from the 
matte is removed at intervals through the lead-tap. Wffien the matte on hand 
has been smelted, ore-charge is put on the furnace, with extra lead if necessary. 
As soon as lead begins to come quickly, the clay plug in the siphon- tap is removed, 
and the furnace run in the usual w^ay. During the matte-run some copper 
enters the lead, but being kept sufficiently hot, it does not solidify, and smelting 
goes on satisfactorily on a bath of mushy lead. In the course of i or 2 
days after the ore-charge has been put on, the coppery lead will have been 
replaced by fresh lead from the ore-dharge. ^ 

At a few plants the cnidbk of a cold lead blast furnace is filled with wAf ? 
b^ten brasque and thus changed into a matting furnace. In such a case, it is 
advisable to have the new botloin of the fumade inclined. Thus the distance 
l^twron centar of twyhxi and slag-tap is 10 in- ^and the tap-hole for iiiatfie''and 
lead is placed 8 in- lower at the c^posite end of the furnace. This f umkJiES an 
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excellent separation of matte anrl ,-lac:. In this connection it is important to 
collect every scrap r>f lead contained in the brasque when this is being removed, 
as the lead is likely to run very hiali in precious, nieial. For example, in making 
matte with 30 per cent. Cu, 000 oz. Ag and 2 oz. Au per ton. the lead soaked 
into brasque assayed 3447 oz, Ag and oz. .\u per tun. 

The slags made are similar to ore-furnace slags, with this difference, that they 
usually run lower in CaO and are not quite so silicious. Table gi gives a few 
examples; they will show less than 0.5 oz. ,\g per ton and contain from i to 1.5 
per cent. Pb. In order to reduce the lead satisfactorily, it is often necessary 
to use a high percentage of coke, and scrap iron f*jrms a valuable achiition to 
the charge. 

T.ue.n v,2. — MATrL-coj;f:f:MK S:. 

SiO- F-i ) CaO 


32 

32 

33 


30 



14 


10 


A furnace, 36 by loS in. at tuyeres and 12 ft. high, will pjut through in 
24 hr. with from 10 to 12 per cent, coke about no tons matte-charge. 

184. Concentration Smelting of Roasted Matte in the Reverberatory Fur- 
nace. — The reverberatory furnace is used only with matte containing from 40 
to 50 per cent, Cu, i.e., at the point where the blast furnace has :i:i sti.p; but 
is not found now as often as was the case formerly.as it has been replaced Ly the 
basic converter. 

The common practice was to crush and roast 4c- to 5c-per cent, copper matte 
and smelt it with, raw matte and some silicious f.ux, producing matte with 
per cent. Cu, and a slag w'hich carried the Fe and Pb. It was often necessary 
to flap the matte to insure complete scorification of the Fe. The furnace was 
either a Welsh copper smelting furnace, or a furnace built into an iron pan in 
a similar tvay as is the modified English cupelling furnace. 

Details of reverberatory copper matting furnaces need not be given, as they 
have been discussed elsewhere.^ A furnace with hearth 10 to 12 it. wide, iS ft. 
long, and 12 to 15 in, deep, used to treat 20 tons charge in 24 hr. 

A furnace of the second class, of comparatively small dimensions, is shown in 
Figs. 388-392. It is a combination of the English cup^elling furnace with its 
fixed roof, a, and movable hearth, 6, and the reverberatory furnace for concen- 
trating matte, the flame passing from the fire-box, c, along the major axis of 
the hearth to a flue, d, placed over the working-door, e. A new' feature lateh' 
introduced in several cupelling furnaces is that the side-walls, /, rest on 
I-beams, g, supported by pillars, g', thus leaving the entire bottom of the hearth 
and test-carriage exposed to the cooling action of the air. The hearth, 6 by 
8 ft., is indlos«i by water-jackets, k and k', and is supported by four sorews, f, 
, M €>f^P«r,’* McGraw-Hill Book Co.^, New York, 1 
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mth threaded sockets, j, in test-carriage, k, running on rails. The two 
front screws can be rotated together by a pair of worm-wheels, I, on shaft, 
revolved by bevel- wheel and pinion, and these by hand- wheel, in a 

similar w’ay the two back-screws can be raised and lowered from the side by 
turning a crank (not shown). The steel water-jacket, h, receives its cooling 
winter at the back (not shown), and is drawn off at the front from the top 
through pipes, o and o'; the cast-iron breast-jacket, h', receives its water at p 
and discharges through two pipes, q and q'; thus the jackets are always filled 
with water. Rubber hose connects the jackets with the supply- and discharge- 
pipes. The hearth material is a mixture of raw and burnt clay or of raw clay 
and quartz. A chromite lining,^ or better, one of chrome brick, lasts a long 
time. 

The fire-box has a shaking grate, worked with underwind. On either side 
of the bridge is a tuyere-pipe through which blast enters upon the hearth. The 
furnace is incased in iron plates and is strongly bound with iron rods. It will 
bring forw’ard in 3 days about 10 tons of 40-per cent, copper matte to blister 
copper, the matte being charged in four portions, first 45 per cent., then 25 per 
cent., 22 per cent., and 8 per cent. The 10 tons of matte produce 8700 lb. 
blister copper with 95 per cent. Cu and 8300 lb. of slag assaying 13.8 per cent. 
Cu and 52.3 per cent. Pb, and require 900 gal. of reduced oil with air as atom- 
izer. The furnace is w^ell adapted for concentrating retort bullion if the hearth 
is made thinner and shallower. 

A special mode of operating is the one of Freiberg, Saxony,^ where matte 
with 50 per cent. Cu® is roasted in a hand reverberatory furnace and then 
treated in a smelting reverberatory with barite and quartz as fluxes. The 
hearth of the furnace is 13 ft. long, 4 ft. 2 in. wide at the bridge, 8 ft. at the 
middle, and i ft. 2 in. at the flue; the grate, 4 ft. 3 in. by 3 ft. 4 in., is i ft. 
3 in. belovsr the top of the bridge, which is i ft. 3 in. below the roof. The 
furnace has tw'o doors, one at the side and one beneath the flue. The bottom, 
which is built on an iron plate, consists first of a full course of fire-brick on which 
is rammed firmly a mixture of fire-clay and quartz, giving it the usual dish-like 
form, with the low^est point at the tap-hole. The thinnest part of this layer 
is 3 in. thick. The working bottom, which follows, consists of 5500 lb. of an 
intimate mixture of 5 parts of quartz and i part of matte-slag. It is melted 
down, after being heated and patted into shape, in 12 hr., and lasts from 15 
to 18 months. Five charges, each weighing 4290 lb., and consisting of 2640 lb. 
roasted matte, 440 lb. raw matte, 660 lb, barite, and 550 lb. quartz, are treated 
in this furnace in 24 hr., 4^4 toiis of bituminous coal being consumed. From 
these five charges 8250 lb. of matte is produced. The composition of matte 
and slag as analyzed by ScherteT is ^ven in Table 93 : 

^I.ang, Eng. Min. J., 1897, Kmi, 207. 

* Grand, Ann. Min., 1875, vn, 314. 

Capacci, Rm. Unim. Mim.., 1881, rx, 269. 

® Schertdi, Berg. Hmenm. Z., 188S, xnvii, 442. 

*Im:. ciL 
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Table g $- Analyses of Matte anb Slag frovc Freiberg Concentration Smelting 


]Matte 

Pb 

Ag 

Cu 

Bi 

Sb 

As 

Fe 

NiCo 

Zn 

S 


Slag 


4 -85 SiOa 30.60 

0-31 PbO 14.51 

73-95 CuO 4.40 

0.02 FeO 8.10 

0-06 (XiCo)O 0,3s 

o.r8 ZnO 1,95 

0-13 AI2O3 I. So 

0.21 BaO 2S.63 

CaO 7.70 

1S.98 AlgO 0.72 

S o. iS 


In order to obtain matte running so low in iron, it is necessary to produce 
some bottoms. These go back to the next reverberatory charge or are added 
to the last blast furnace charge to be again converted into matte. The matte 
forms the raw material for the manufacture of blue vitriol. 

The behavior of BaS04 has been treated in §143. Schweder^ found in his 
experiments that CaS04 and Na2S04 behaved similarly to BaSOi. 

Another method of bringing forward matte with 40 per cent. Cu to blister 
copper is the one in operation at Hoboken-les-Anvers, patented by C. Heberlein" 
where the blast furnace matte is blast roasted in a Huntington-Heberlein 
pot vrith the addition of Kmestone and quartzite, and the product smelted in 
the reverberatory furnace for blister copper. During the blast roast a large 
part of the As and Sb is volatilized. 

Laboratory experiments by Hesse® and Menzeb throw light upon the 
chemical behavior of matte components and fluxes when subjected to elevated 
temperatures in carbon and electric furnaces. 

185 . Converting of Lead-Copper Matte, General.^ — In this process, which is 
the latest improvement in the treatment of lead-copper mattes, air is forced in 
small streams through one side of an iron vessel, lined with refractory material, 
into molten matte held at a temperature of 1100 to 1200° C., with the object 
oxidizing Fe, Pb, and S, and recovering Cu as metal. The oxidized Fe is 
slagged; the oxidized Pb is in part slagged, in part volatilized; the S forms SO* 
and passes off. Slagged Fe and Pb are subsequently retreated in the blast 
furnace, as is the volatilized Pb. 

The first successful converting of concentrated lead-copper matte w^as that at 
Aguas Calientes early in 1900 using an upright acid-lined vessel. The idea held 

^ Berg. Hiittenm. Z., 1879, xxxvm, 38, 

^ Metallurgie, 1910, vn, 285. 

^ MekiUurgie, 1911, vin, 321. 

^ MeiaU. u. Erz., 1913, x, 193, 230; Eng. Min. J., 1913, xcv, 902; Abhamdlmmim Insiit. 
MdktUkilUenwesen u. EUdrometaUurgief 1915, n, heft i. 

* Vail, Eng. Min. J., 1910, lxxxix, 503, 

Moore, op. cit., 1910, xc, 263- 
Kudhs, IV, A. I. M. JB-, 1914, xi-ix, 579. 
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pre\ioiisly^ that the losses in Ag were enormous was based on a misinterpreta- 
tion of data coming from A. Raht who held that idea about 1895, ^ but was 
con^dnced later on® of the contrary, when he found that true fume from the 
converter assayed only 2 oz. Ag per ton, and that the loss in Ag w^as propor- 
tional to that of Cu; in other words, that the loss was a mechanical and not a 
volatilization loss. This fact is brought out by the later data of Aguas Cali- 
entes given by Semple'^ and shown in Table 94. The converters are upright 
(diameter, 8 ft.; height from tuyere to base of hood, 7 ft. 4 in.; blast-pressure, 
12-16, sometimes 18 lb. per sq. in.); the hoods end in a steel flue having 
discharge-doors for dust; the gases pass from the flue to an exhaust fan which 
forces them through four brick sections, a curtained chamber, and four steel 
cooling flues into the bag house. 


T.CBI-E Q4. — .VxALYSES OF CONVERTER FuME EROil .\GUAS CALIEXTES 


Ag 


Au, 


Weight, ounces ounces! 
pounds per per 
ton ton 


Pb, Cu, As, :SiOr!, Fe, Zn, 

per per per per per per 

cent. cent. cent. cent. cent. cent. cent. 


At throat of converter. . 126.23 0.513 16.8 ;34-o 


Converter fiue-dust .... 

. . 15,966 

103.95 0.46725.2 30.7 

0.4 

7.3 

12 

I 

Oval pipe hopper 

. . 1-536 

86.30 0.32730.0 24.9 

0.6 

Trace 8.0 

II 

I 

Fan house, section i , . . 

2,660 

SS.13 0.17537.0 16.2 

0.6 

0-3 9-3 

10 

7 

Fan house, section 2. . . 


7$. 46 0.321 29.5 40.7 

0.7 

0.3 

II 

4 

Fan house, section 3 . . . 

. . 

16.10 0.02952.5 : 0.75 

0.4 

14.4 

8 

4 

Fan house, section 4. . . 

. . I2.2S7 

12.69 Trace 57.0 | 0.50 

0.4 

Trace 1 1 . 5 

8 

3 

Curtain chamber 

. . 2S.316 

14.44: Trace 54.8 : 0.90 

0.5 

Trace 1 1 . i 

8 

7 

Condenser 

72,125 

, 13.27 Trace 53.5 j 0.15! 3.6 

0.4 

10.4 

8 

9 

Bag house i 

. , 36,920 

1. 18 Trace 58.0 o.iolTracej 

0.3 

9.8 

8 

7 

Bag house header 


14.73 Trace! 58. 5 o.iojTrace 

0.2 

9.4 

8 

8 


The success at Aguas Calientes led to the introduction of the acid-lined 
upright vessel at Omaha, Neb., in 1905. This was 7 by 14 ft. at the start, it was 
charged with 3 tons of 40-per cent, matte, in two or three successive additions, 
and blown to blister copper, amounting to 2500 lb. The second matte-charge 
gave 5000 lb. copper, the third 10,000, and the fourth 15,000 lb., when the 
converter had to be relined. The acid vessel was supplemented in 1908 by 
one with a basic lining. There w'ere in operation in 1912® two upright acid and 
one horizontal basic (Peirce-Smith) converters. As in converting lead-copper 
matte, the basic vessel has the same great advantp.ges over the acid as in convert- 
ing lead-free copper-iron matte,® basic vessels have entirely replaced the acid. 

^ Peters, E. D., "Modem Copper Smelting, McGraw-BGll Book Co., 1895, p. 569. 

s Hamilton, Tr. A. I. M. 1913, xlvi, 475. 

® Private communication, March 4, 1911. 

“* Eng. Min. 1911, xci, 50S. * 

* Filers, Tr. A. I. M. 1912, xuv, 

• Hof man, “Metaluigy of Cof^r,*^ *9*8), S*- 334 * , * 
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The following discussion is confined to basic horizontal vessels. Here there 
have to be distinguished two methods of c«;m verting. One uses si licious fluxes, 
as is common in treating lead-free copper-iron matte, and is in operation at 
Maurer, N. J. ; Omaha, Neb.; and perhaps other places; the other works without 
silicious flux, and is in operation at Tooele, Utah. 

Ail plants have horizontal converters. Recent practice in converting copper- 
iron matte shows a tendency to replace the horizontal by the vertical: whether 
the smelteries treating lead-copper matte will foII(.nv suit, remains to be seen. 



Figs. 393 to 397. — Peirce-Smith converter. 


186. Converting with. Addition of SiMcions Flux; Peirce-Smith Vessel. — 
The converter, shown in Figs. 393-397, is a horizontal cylindrical lined shell 
of l^-in. steel plate, 14 ft. 10^ in. long and 10 ft. in diameter, holding about 25 
tons of copper; it is manipulated by means of a hydraulic piston. The shell is 
open at the top for about 4 ft., to allow for expansion of the lining, and is tied by 
heavy iron rods. It, has riveted to it two cast-steel annular I-beams forming 
the triads with whieh !!■ levolvis with two pairs of canyiag ixflfars. The heads 
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of the cylinder, also of g-ln. steel, are not firmly connected, but have flanges 
which extend into the cylinder in order that the heads may yield to the longi- 
tudinal thrust of the expanding lining. They are backed by I-beams which are 
tied by bolts and nuts to the cast-steel annular treads at the ends of the cylinder. 
A bolt passes through the annular tread and a piece of flat-iron, which bears 
upon the I-beam, and is locked with a nut. Loosening of nuts furnishes the 
space necessary for expansion w'hen the furnace is being heated; bending of the 
flat-iron indicates the strain put upon the bolt. 

The cylinder has 4) 2 in. beneath the median horizontal plane 20 cast-iron 
tuyeres, 2 in. square, with 1.25-in. holes Tvhich extend through the lining and 
have a downward pitch. The pipes are provided with Dyblie valves^ and are 
connected by wired hose to a wrought-iron blast-pipe bolted to the cylinder. 
The blast-pipe is connected by a cast-iron pipe and svring-joint with the main of 
the blowing-engine. 




Figs. 39S to 400. — Smith device for repairing tuyere-belt. 

Since in converting lead-copper matte, the tuy^ere-zone, 9 in. above and below 
the tuyere-pipes, is likely to be quickly corroded, the shell is provided there 
with movable plates- The Smith device for repairing the tuyere-belt^ is shown 
in Figs. 398-400. The shell has oblong openings which are closed in part by 
movable plates,. 4, bolted on through movable straps; these are secured so as to 
leave room for the plates, B, which are inserted and keyed. The plates are 
forked at the lower ends that they may pass over the protruding cast-iron tuyeres. 

Opposite the tuy^es, on the breast or pouring side, is the pouring opening 
with spout. The lower part is closed with a magnesite brick provided with tap- 
hole for casting blister copper; the upper with clay in which is left an opening 

* Hofman, “Metallurgy of Cqpfuer,*’ 1918, p. 30&. 

* U. S. Patent No. 1044587, Nov. 19, 1912; Mm, J., 1913, xcv, 322. 
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of about 3 in. in diameter for pouring .slag, which is collected in a ladle or may be 

granulated as shown in Fig. 394. 

In one end of the vessel is an opening for introducing an oil-burner used for 
warming and heating a new conv'erter, or for keeping it hot when temporarily 
out of commission. 

In the center of the top is the throat for receiving charges and delivering 
gases to a lined hood leading into a dust chamber, whence they pass to the 
condensing apparatus for collecting fumes. The distance between the outer 
diameter of the nose of the converter and the inner diameter oi the hood is 
about 8 in., in order that sufficient space may be provided fur air to enter and 
cool the gases. 

The converter is rotated, Fig. 396, by means of two wire ropes, of which one 
end is attached to the converter, the other to blocks sliding in guides direct- 
connected wdth the piston-rod of the hydraulic cylinder. 

The lining is mainly magnesite brick. In order to save in cost of construc- 
tion, there is placed on the bottom a course and a half of fire-].»rick along the 
center line; the thickness of 13 in. tapers on one side to a full course at S in. below 
the tuyere-level, and to a half-course on the other. The working-ilning is 9 in. 
thick except at the tuyeres, where it is 18 in. The oval cavity has a length 
of II ft. 4 in. and a width of 7 ft. at the median cross-line. The magnesite 
brick are laid dry with the spaces filled in with magnesite powder; at the 
tuyere-belt a mortar of magnesite powder and linseed oil is used. In order to 
furnish room for expansion, pine shingles, 3 4 itt. thick, are intruduced after 
every eighth course of 9-in. brick. 

Followdng the example of Mathewson at .\naconda* the cast iron of the 
tuyere-pipes has been replaced in some instances by wrought iron, and the 
lining of magnesite brick at the tuyere-belt by ramming in place. S in. above 
and below the tuyeres, a mass consisting of finely ground magnesite, 
asbestos, and 20 per cent, of a 40-per cent, solution of sodium silicate. 

The blast pressure required is about 15 lb. per sq. in.: iS tuyeres, 1.25 in. 
in diameter, are used, the tveo end-tuyeres being closed. 

The accessories are similar to those used in converting cupper matte- 
excepting that the slag may be granulated instead of being cast, and the 
casting of copper is usually more simple on account of the smaller amounts 
produced. 

The matte, received from the fore-hearth of the blast furnace, is usually 
stored in a reverberatory furnace, similar to the one shown in Figs. 252 and 
254, whence it is tapped into a ladle holding 6 or more tons, and poured into 
the converter. It can be melted in the converter, but this is exceptional. 

The silicious ore, crushed to ^ in. and frequently warmed in a mechanical 
reverberatory, is raised in suitable amounts in a sheet-iron box or boat, and shot 
into the converter. 

187. Process and lian^MilaticMi. — ^The process and mode of operating are 

* Hofmaa, Metalmgy of 1918, p. 345. 

* fWi., p. 314. 
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the same as in converting copper-iron matte in so far as the principles involved 
are concerned; the}' differ, ho'wev^er, as to detail. 

A converter is warmed in about 3 or 4 days by firing with cord wood, and 
then brought to the desired converting temperature in about 8 hr. by means 
of an oil flame, or in about 4 hr. by burning i ton of coke. The hot converter 
receives 20 tons of liquid matte (Cu 46, Pb 17, Fe 12, S 19, Ni, Zn, As, etc. 

4 per cent.) and then i ton of warmed silicious ore; blast of about 5 lb. pressure 
is admitted; the converter is turned sufldciently to bury the tuyeres in the matte, 
when the bubbling of the bath will cause the ore to spread; it is then turned 
over farther that the tuyeres may be 24 in. below the surface of the matte, 
which requires increase of volume of air that its pressure may rise to 1 5 lb. The 
blowing on matte for white metal lasts about 30 min. It represents the slag- 
ging stage in which Fe, Pb, and S are oxidized; the FeO and PbO, as soon as 
formed, combine with the silicious ore and form slag. The rate of scorification 
of the ore is recognized by the fluidity of the slag. This is tested by quickly 
inserting an iron rod into the boiling bath through the slag-pouring opening and 
withdrawing it. The rod ought to pass readily through the slag and ought to 
be covered, when withdrawn, with a uniform coating of slag free from unmelted 
particles. A lack of flux, or a low temperature, or an insufificiency of time of 
blowing tend to form a mushy slag. When the ore-charge has been satisfac- 
torily slagged, the slag is poured, and 10 tons of matte are poured into the vessel. 
The converter is righted so that the tuyeres become uncovered, the blast is 
shut off, and about 1000 lb. ore shot in. The blast is again admitted, the 
converter turned over as before, and blowing continued for about 20 min. The 
operations are continued, four in all, with decreasing amounts of matte and ore 
until the converter holds from 28 to 30 tons white metal, which reaches with 
the righted converter to about 3 in. below the tuyere-level. 

The rate at which Fe and Pb are scorified, and the S is oxidized, is similar 
to that in w'orking copper-iron matte. ^ 

There follows the blister-forming stage, in which the 28 to 30 tons white metal 
are blown, in roughly i hr., to about 25 tons of blister copper which assays Cu 
92-94, Ag I ±, Pb r-2, As I, SbNi, etc. 4 per cent. The converter is turned 
over and Mown, but without ore. The CugS is oxidized to CugO; this reacts 
upon still undecomposed CusS, and gives Cu and SO2, as is shown by Cu^S 
-I-3O— CusO+SOs; Cu®S+2Cu20=6Cu 4-S02; some CU2O enters the small 
amount of slag formed, or it remains uncombined in the vessel. 

A |K>iir of 25 tons blister copper is obtained by blowing 50 tons so-per cent, 
matte f«: about hr., of which 2 hr. are taken up by handling material^. 

Tlw of a Mow h watcfaM mainly by the fume passing off at the 

thrwit erf tlie the cxrfcwr of the flame "forms no satisfactory guide, as it is 

Manned fey Iuwb and. vitiafeed tibe inapuiiti^ of the matte. The"«i';. 
of a Wbw k ascertaiimd by the color of the which should not be reddi^ 
ajod by punching; a tnyine and qirickiy withdrawing the bar. This should be 
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covered with a thin skin of copper, rose color and full of j>in-h<>le>. but free 
from dark spots, which indicate undecomposed matte. 

During a blow the tuyeres have to be punched consecutively. As the work 
must not be interrupted, two men are required for it on a shift; one furnace- 
man at the front attends to the running of the vessel. Materials are handled 
by a separate crew. 

The temperature of the charge should not exceed 1200' C., as otherwise the 
lining is quickly corroded. A low temperature makes the slag mushy. The 
slag, of which about 1.6 tons is made per ton of bli^te^ copf>er, analyzes SiOs 25, 
Fe 25, Pb 20, Cu 10. It is essential that the SiO--€onlent be low. A high- 
Si02 slag attacks the lining, and a slag low' in biO- causes some Fe of the 
matte to be oxidized to FegO^. This adheres to the lining and protects it 
from attack. Temperature and SiO-i-content are the two leading factors 
which govern the life of the lining; speed of converting is controlled by the 
amount of air blown into the converter. 

The lining at the tuyere-belt has to be repaired usually after icxx> tons of 
blister copper have been produced from matte wdth 40 f>er cent. Cu; it lasts 
longer w’ith mattes that run low in Pb, Sb, and As; the roof is gcxxl for 2000 
tons blister copper; the lining opposite the tuyeres and on the bottom is hardly 
attacked at all. 

188. CoUection of I^ad Fume. — One factor still to l>e considered is the re- 
covery of lead fume and, with it, of precious metal mechanically carried away 
by fine particles of base metal. Two methods are used for this purpose, filter- 
ing with a bag house and condensation by the Cottrell process. 

Filtration by means of bags is in operation at Omaha, Xeb., and ^Maurer, 
N. J. Details of bag house construction are taken up in §2oS and following. 

At Omaha^ the gases, 68,000 cu. ft. per min., from the two upright acid- 
lined and the single Peirce-Smith basic-lined converters- are drawn through a 
suspended sheet-steel flue, Figs. 418 and 419, 6 by 10 ft. in section and 1250 ft. 
long, coated inside and outside with graphite paint, by means of a fan. 12 ft. 
in diameter and 6 ft. -wide, making 140 r.p.m. and requiring 25 h.p., into the 
bag house, 102 by 60.8 by 40 ft. w’hich has a cellar-space of 67,000 cu. ft. and a 
bag-chamber of 174,000 cu. ft.; it contains 940 woolen bags, 18 in. in diameter 
(56.5 in. in circumference) and 28 ft. long, which represent a filtering area of 
1 24,000 sq. ft. The house is divided by a vertical wall into two compartments 
so that one can be cut out when the bags are to be shaken, which occurs twdee 
a day. The cellar is 10 ft. high. The gases pass off into the open through a 
brick-lined steel stack, 300 ft. high. The life of the bags, which is about 100 
d&ySf is governed by the temperature and the SOa-content of the ga^s, and by 
the pressure inside and the vacuum outside. 

The fofloffing is a rw»rd of temperature' of converter gases with oatadr 
air at C- : cd coavettw^^ ^ from cemverter, 292®; at 200 ft., 

at 800 ft., 149^; at ii<»ft., 130®; at fan, 

* i&rs, Tr. 'A, J. JT- if *2, 708. 

have ineea 
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tig°; at bag house, 67°; at stack, 58° C.; the temperature in the bag house 
varied from 37° to 77°, and averaged 60° C. 

Determinations of SO2 and SO3 in the gases are given in Table 95. 


Table 95. — SOa- and SO3-CONTEXT of Cox\'Erter-gas 



SOa-content, 

per cent. 


SOs-content, per cent. 



In bag house j 


t 

At converter j 

At fan — 




' At fan 



Top 1 

Bottom. i 

At converter j 


3.62 

2.05 

2.06 

2.06 

0.038 

i 0.020 

2-34 

1. 21 j 

1-30 

1.60 

0.027 

1 0.025 

4.46 

2.68 1 

I-S2 ; 

1 .40 





With a vacuum at the converter of o.i in. water, at the fan of 0.3 in., the 
pressure in the cellar is 0.56 in. and higher, reaching i to 2 in. in the bags; with a 
vacuum outside of the bags as low as 0.07 in. that at the base of the stack is 
0.3 in. 

The matte blown averages: Pb 26.9, Cu 43.1, NiCo 0.04, Fe 8.0, Zn 2.5, 
S 15.5, As 1.7, Sb 0.76, SiOa 0.3 per cent., and Au 0.87, Ag 98.1 oz. per ton. 
The blowing engine furnishes 5800 cu. ft. air per min. at a pressure of 17 lb. 
per sq. in. With a daily output of 45 tons blister copper from matte with Pb 23, 
Cu 45, S 18 per cent., there are produced 16 tons of bag house fume with Pb 
66.0, Zn 1.9, Sb 0.2, Te 0.2, Se 0.24, combined SO3 21.63, free SO3 0.2 per 
cent., and Ag 2.8 oz. per ton. The composition of the dust collected in the 
flues is given in part in Table 96. 


Table 96. — Dxrsx of Conv-erter Flue 


Distance from 
converter, feet 

Pb, 

per cent. 

Zn, 

p>er cent. 

SO3, per cent. 

Ag, 

oz. per ton 

Combined 

Free 

200 

56.0 

1.6 

25.13 

0.25 

4.2 

400 

60.0 

1.6 

23.13 

0-55 

3-0 

600 

I 64.2 

1-3 

22.82 

o.iS 

2.4 

800 

I 64.6 

1-3 

22.60 

None 

2.0 

1,100 

63.0 

i-S 1 

23-33 

None 

2.1 

1,200 

1 64.4 

1.6 

20.60 

None 

2.6 


The data show a general fall of Ag- and rise of Pb-content with increase of 
distance from converter to bag house, and a reduction of free SO® which dis- 
appears at ft. fimn the converter. It brings out the important influence 
the presmce of fcad fume has upon the neutralization of free SO®. The gases 
from matte cont ain i ng le^ than 14 per cent. Pb cannot be filtered without 
the admixture of other neutraliziiig a^its such as CaQ or ZnO as in the 
Sprague proce^ (fsit)- 
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In the first attempt to filter converter gases at Maurer, N. JJ the bstgs were 
corroded in 30 min. during the finishing blow for blister copper, w'hen the Pb- 
content of the matte had been reduced to 2 per cent- The throat of the con%'erter 
had been fitted closely into the brick flue leading to the bag house. The tem- 
perature of the flue back of the converter ranged from 426® to 704® C. and at the 
opposite end from 204° to 371®, thus covering a range well suited to convert 
SO2 into SO3, when the SO 3 not combined with PbO attacked the filtering- 
fabric. Reduction of temperature to a raa.ximum of 315° C. in the brick flue 
25 ft. from the converter, and diminution of the SOj-content of the gases, from 
as much as 9 per cent. vol. to 4 per cent., corrected the evil to such an e.xtent that 
even cotton bags lasted over i year. It w^as accomplished, by enlarging the 
brick flue opposite the converter so that air would enter with the sulphurous 
gas, by a dampered port in the flue through which additional air could be drawn 
in, and by speeding up the fan. 

The Cottrell process for the condensation of converter fume was first intro- 
duced at the copper smeltery of Garfield, Utah, b\- Howard,^ and has since been 
installed at other plants. 

A discussion of the process is giv’en in §214. 

The matte produced at Garfield in the blast furnace contains from 20 to 
40 per cent. Cu, that in the rev'erberatory furnace from 35 to 4S per cent.; 
and more or less Pb beside the usual amounts of Fe and S. It is blown in 
basic-lined Peirce-Smith converters (cylinders 24 ft. long and 10 ft. in 
diameter) wdth a pressure of 10 lb. per sq. in. through 37 tuyeres 1^4 in. in 
diameter, placed 18 in. above the bottom. The construction of the original 
converter has been changed* in order to reduce the amount of air entering the 
flue with the converter gas, and thus to dimmish the volume of diluted gas 
which is to pass through the electric precipitator. 

There are in operation seven converters which furnish per min. 250,000 
cu. ft. gas at flue temperature, equal to about one-half this volume at standard 
conditions. The gas travels through an elevated balloon flue, 1000 ft. long 
and 210 sq. ft. in cross-section, at a speed of about 12 ft. per sec. iMost of the 
Cu-bearing dust settles in the flue; the gas is cooled to about 90“ C. before It 
enters the electric treater. This is shown in Figs. 401-403. It contains seven 
units, one for a converter; generally six are in operation, and one is being cleaned 
or repaired. A unit has 360 grounded vertical cast-iron pipes, 5 in. in diameter 
and 10 ft. long, serving as precipitating electrodes. In the center of each is 
held taut a steel wire of No. 14 gauge which, serving as discharge electrode, 
is connected with the intermittent direct current of 30,000 volts. There is, 
therefore, maintained in each pipe an electrically charged field through which 
the gases, cooled to below 100° C-, travel and deposit on the pipes al dust, 
fume, and moisture. Hie dcfnosit, which docs not drop off, is loo^anwi by 
knorfreis at intervafe into the lower chamber, provided with opcnm^, 

» Ahaeaaadtar, fV. 4 - L M. xwoc, 561- 

u I. M. M 



Fig. 401. — ^Longitudinal elevation. 
Cottrell plant, ^Garfield, Utah. 



Fig. 4102. — OfKs-sectioii. 
CMfeftfl'ffeat, C^pdheld, Utah. 


pipes, prowicd witfe, ,pi^' ,lf|^ ,j|as. .dbaaib'er. • Tids has three 

. m «wfcr t*> gas. Ekch pipe has 

m treated, gas of % 
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section leaves the treatment chamber through three fM’pes, provided with 
clampers, and enters the main brick due of the whole |»lant on the opposite 
side, which is i8 ft. high, 20 ft. wide, and ends in a stack 55o-+85 = 435 ft. 
high and 22 ft. inner diameter at the lop. An analysis of the collected dust 
showed SiOa 1.57, Insol. 0.39, PbO 55.02, CuO 6,75, Fe^Os 1.82,50324.50, 
CaO 0.50, As^Or, 5.21, Bi203 1.91, H2O 2.08, Ag 0.02, total C99.77 per cent. 
The recovery of Pb is 97.25 per cent. 



The electrical apparatus contains seven complete motor-generator rectifier 
sets and transformers, and a switch-board panel. A set consists of a 30-h.p. 
250-volt D.C, motor, direct-connected with a 20-kw., 4-pole, 60-cycle, 220-volt, 
single-phase A.C. generator. The 220-volt current is stepped up to 20,000 to 
30,000 volts by means of a 20-kw. transforoaer, and then led back to the recti- 
fier which is on the same shaft as the motor generator- 

in the preliminary expadmmtal work it was found that In the slagging 
period, when the gases contafei Ittle SO#, the pipes became covered with a con- 
ductive coating which stopp-^ the work- InJ«:tii^ moisture in safficiait 
amount to obtain a dust with 3 to s per cent- H3O corrected the evii Huring 
the hlste' period them m SO* in the for satisfactory work- It was 

also mt 340*^ C, lead was prec%>itatoi, no or was 
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depositeri. It may be recalleri that SO* boils at 46* C.; that HjSOi of 60® 
is vaporized at 200® C., and As^O* at 143® Cd 

189. Converting Lead-Copper Matte Without Addition of Fhix; Tooele, 
0 tahd — This method of converting had its origin at Tooele, Utah. The bask' 
lined barrel converter is shown in side- and end-elevations in Figs. 404 and 405, 
and in longitudinal and transverse sections in Figs. 40C) and 407. The barrel, 
96 by 150 in., consists of the usual two parts, the toiler-iron shell and hood, 
which are joined by key-bolts. It rests wdth steel runners on two pairs of 
friction rollers carried by a roller-stand. At one end it has a trunnion which 
carries a spur-wheel driven by a pinion, the shaft of which carries at the oppc^ite 
end a worm-wheel engaging with a worm attached to the shaft of an electric 



motor. At the other end, connection is made with the blast-pipe vehich delivers 
the air from the blowdng-engine through 16 12-in. tuyeres. The shell is lined 
with standard magnesite brick backed by crushed-brick filling. The thickness 
of the lining on the tuyere-side of 20 in., and on the ends of 22 in., is In 
striking contrast with that on the bottom and the side opposite the tuyeres, 
which is 4^^ in. 

190. Process and Manipulation. — In blowdng lead-cc^per-iron matte, the 
metallic sulphides are oxidized, but not scorified, owing to the absence of SIO*. 
Oxides of lead and zinc are volatilized and collected in a bag hou^ ; oxides of 
copper and iron and some metallic copper form a fluid mass, are {K>ured into a 
ladle, and transferred to a converter treating lead-free cc^ 3 |>er-iron matte with 
silicious ore in the usual manner just after this has receive! its charge. The 
oxid^es of 'Cqpper are sulphurized, the iron oxides M:orifi©d, and the metallic 
cxjpper taken up by the SE»tiic. 

» f>. , 

* Xwc&s^'Xr. A. L M". jE., 1914, xexx, 579. 
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The advantages of the process over the one using silicious flux are, that very 
little Pb-bearing slag is formed, which would have to be smelted in the lead 
blast furnace (in the ordinary process 45 per cent, of the Pb in the matte is 
slagged); and that, on account of the large amount of Pb- and 2n-fume formed, 
there is present in the gases very little free SO3 to corrode the woolen bags; 
in fact, 50 per cent, of the Zn in the matte passes off with the gases, as against 
10 per cent, when silicious ore is used- 

The plant, shown in Fig. 408, has five converter stands, of which three treat 
lead-copper-iron matte, and two copper-iron matte. The gases from lead matte 
converters are drawn by a No. 20 .Sirocco fan (capacity 180,000 cu. ft. gas per 
min.) through a hopper- bottom steel flue, provided with inlet for cold air to 
reduce the temperature to 100° to no'' C., and delivered into a brick flue with 



branches leading into the bag house; this has 960 woolen bags, 18 in. in diameter 
and 30 ft. long with 24 threads to the inch.^ The gases from the copper-matte 
converters pass through a steel flue to a stack 16 ft. in diameter and 150 ft. 
in height. 

In blowing lead matte, a large volume of dense fumes is evolved at first; 
the fumes diminish when the blow is about half finished, and disappear 
gjradualiy. At the same time the flame becomes more and more visible; 
when plainly visible, the weight of the matte has been reduced to 60 to 70 
per cent, of the original charge; the matte retaining i to 1.5 per cent. Pb. 

A converter receives 9 tons matte, is blown 2 hr. with a pressure of 12 to 13 
ib-; the tuyilres have to be punched frequently- The time between blows is 
^ hr. One skimmer attends three converters, one puncher and helper are re- 
quired for evary Hie converter is patched by pouring into the weak- 

ened lining Fb-bearii^ converter slag to the required thickness, which is 
allowed to cxmie to a .set in 1.5 to 2 hr. At the tuybre-beit, closed iron pip® 'am 
inserted, and slag powtoed »oiiwi them. 

Hie elaahmtiofflL ci Pb and Fe is quick at first and less so toward the end 
of a blow; the ooddbtl^ cd 25ft is ^oW and 'more:, uniform than -that 'Of ’ 
oon^poneiits. The temjp^atiire in the vessel is not allowed to exceed < 

I & a mem installafiosi the fees waitM be mgAft 
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Incrustation of the vessel l)y FegO* <'>ccurs to s«>me extent on the wall op|K>site 
the tu>'eres, and is heaviest at the mouth i>f the converter owing to the spat- 
tering of the charge, but with a throat of suiTicient diameter this evil is not 
serious. Corrosion at the tuyere-belt is mure severe than in blcnving lead-free 
copper-iron matte and necessitates frequent patching. ?»Iore or less continuous 
punching of the tuyeres is a necessity. 



Temparature- and ^Bwnalioa-ciiJnri^ arc shown in Fig. 409. 

•Trfile 97 'gives mii^yes'' M' the inaw laaierials m&A and erf the products 
o6'tainec| , in converting leai-h^ning and lowl-f ree ci^fwr watte. Tim kad- 
hearfug pafete, OEWtain over 7 pm cmt. Za, as lAesrifw wnA m 
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Table 97- — Raw Materials and Products of Concerting, Tooele, Utah 

Pb I Cu SiOa Fe CaO S Zn Ag* 


Blow of Lead-bearing Copper-Iron Matte 


Lead-bearing matte 

; 15.0 i 9.0s i 

37. c 

- • i 23.0 1 

S -4 

Transfer-slag to copper converter. 

1 r .4 •! 

1.7 ; 59.1 . 

. . . 18.0 

4.0 

Bag-house fume 

64.2 ; 0.37 ! 

0.2 ; 0.4 ; . . . 

. - . 1 6.0 

10.4 


Blow of Lead-free Copper-Iron Matte 


I,ead-free matte ' 22.2 ^ ; 41.7 i j 26.6 i 21.8 


Silicious ore 

3-4 I 0.3 75- 1 7-4 3-0 0.8 | 17.1 

Converter siag 

2.3 1.79 23.4 48. 8 : I-S i 1.2 : 2.9 1.6 


* Ounces per ton. 


A section of the bag house and the suspension and shaking devices of 
the bags are shown in Figs. 410-415. The bag house, built of brick, is 125 ft. 6 
in. by 47 ft. 6 in. outside, and 50 ft. high to the eaves. It is divided by a sheet- 
steel thimble-fioor into the filter-chamber above and the cellar-space below. 
There are eight hopper-bottom cellars, 13 ft. 73^^ in. high; six are 13 ft. ii in. 
by 44 ft., and the two end-cellars are 15 ft. 5 in. by 44 ft. The filter-chamber has 
960 woolen bags, or 120 to a cellar, 18 in. in diameter and 30 ft. long. A bag is 
suspended from a 2j^-in- iron pipe by a KTo. 8 soft-steel wire which passes 
through a 3'^-in. pipe 4 in. long forming a loop; the upper end of the bag is 
gathered, turned over the short pipe, and tied- Each cellar is connected with the 
main gas flue and the reverse-current gas flue by means of ports to be closed by 
valves. The gases from the converters arrive in the main gas flue, enter the 
cellars, pass through the thimble-floor openings into the bags, leave the filter- 
chamber at the top through a flue ending in a brick down-take which leads 
to a brick stack, 15 by 150 ft. During this time the ports in the reverse-current 
gas flue are closed. When the dust inside the bags of a cellar is to be dislodged, 
the port in the main gas flue is closed and that in the return-flue (joined to a 
No. Siroca> fan which delivers into the main flue) opened- The pressure 
in the ba^ is thereby replaced by a sEght vacuum, causing the bags to collapse 
and to shake off adhering dust. By repeating the swelling and collapsing oi 
bags a few times every 8 hr-, the pores of the filter cloth are kept open. As 
this reverse-currmt bs^-shaMi^ system is not quite as effective as shaking by 
hand or mechanicaBy, thesre is parovicfed an auxiliary shaking device consisting 
of horizontal dhaii^, cachi enclosing the su^iesnrion wires of a row of ba^ ajad 
having a strong spiral spring in the imddle and handles at the ends. Bullieg # 
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chain and suddenly releasing it, causes the bag to receive a vibratory motion from 
top to bottom. The dust accumulating in the cellars is removed by a system of 




Mi . Wt 
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Imto a car, is tJb« ami a-iMed to 
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The loss of Pb in converting is from 3 to 5 per cent., that of Ag is negligible. 

191. Slag. — The composition (§131-133) and disposal (§117-120) of lead 
slags have been discussed already. 

Waste slag has been used in different ways instead of allowing it to accumu- 
late on the dump. Thu.s the heat of the slag has been utilized for heating 
blast^ and for raising steam;- the slag has been cast in the forms of bricks, 
blocks, tiles, etc.;^ it is used for ballasting railroads, macadamizing roads; 
granulated, it has gone into concrete, etc. 

Efflorescences on slags have been noticed by Iles-Shelby^ which they found 
to consist of K«S04 and Xa2S04. 

There remains to be considered the cleaning of slags, that is, freeing them of 
their Ag-content, if this is too high to allow them to go to waste. The Ag-con- 
tent may be due to entangled particles of lead bullion and especially of matte. 
Matte ma\’ be held in solution by the slag (§131-133); usually, however, it 
is held in suspension owing to imperfect settling (§i 18), or to superficial oxidation 
of matte either by Fe304 contained in the slag,^ or by air while tapping.® This 
oxidation sets free SO2 wliich, adhering to pellets of matte, hinder them in the 
settling. Resmelting may recover parts of entangled values but usually not 
in sufficient amounts to pay for the cost;"^ addition of Cu-bearing pyrite or 
matte (§147) greatly assists in desilverizing a slag. Thus Keller® smelted at 
Leadvilie slag from treating carbonate lead ore, estimated to contain 5.3 oz. Ag 
per ton, with 13 per cent, pyritic ore containing 10 per cent. Cu and ii oz. Ag 
per ton in an oblong blast furnace 36 by 80 in. He put through in 24 hr. 113 
tons of charge with 10.9 per cent, coke, a little more than half the amount then 
required to smelt ore-charges. There resulted 5.3 per cent, matte containing 
20 per cent. Cu and 92-7 oz. Ag per ton, showing a saving of 80 per cent, of the 
silver contained in the original slag. 

In taking a sample for analysis from a freshly drawn pot of slag, the hard- 
ened surface is perforated, and a clean steel bar inserted 3 in. into the liquid 
slag and quickly chilled by plunging into cold wnter. Sometimes slag is dipped 
out from the pot with a clean, cold iron ladle, poured out again after a minute or 

i Bretherton, Eng. Min. 1S99, lxv'iii, 604, 6g8; 1900, lxix, 614, lxx, y 60; Min. Sc. Press, 
1900, txxxi, 572; 1912. cw, 243. 

Lang, Eng. Min. 1S96, lxii, 78; Min. Sc. Press, 1S98, ixxvii, 417; Eng. Mm. J., 1909, 
Lxxxvm, 916. 

* Giroux, Min. Sc. Press, 1S93, i^aai, 34- 

Howell-Ashcroft, Eng. Min. J., 1893, lvi, 52; 1894, Lvm, 56. 

Lang, op. cit., xgog, ixxxvni, 96. 

G5pner-Vautin, M etallurgie, 1910, vii, 161. 

Johnson, Mei. Ckem. Eng., 1911, x, 662; /. Iron and Steel Inst., 1914, n, 98. 

Perkins-Barker, Emg. Min. J., 1912, xciir, 267- 

•Hofman, “General Metallurgy,” 1918, p. 469. 

*Eng. Min. J., 1S99, ixvn, 650. 

* Hering, Oesterr. Zt. Berg. IluUemo., 1893, xu, 238. 

* Vambera, -Oesterr. Jakrb., 1903, u, 133. 

Eng. Mim. J., 1916, cn, 626; see afeo p. 371. 

* Tr. A. I. M. E., 1892-93, XXI, 71. 
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two, and the thin shell of glassy slag adhering slightly to the ladle taken as 
sample. The former method, however, is preferable. 

192. Wall -Accretions.’^ — These accretions begin in lead furnaces just above 
the water-jackets and reach up to the feed-door. They sometimes come from 
the galena in the charge, or from galena formed artihcialK* during the descent of 
the charge, which adheres to and filters into the brick walls of the furnace; but 
their principal origin is in the volatilisation of lead, zinc, and their compounds, 
which takes place in the lower parts of the furnace. These fumes condense in 
the upper cooler parts. During their ascent they are partly o.xidized, and the 
oxides may act chemicalh* on the unaltered parts. Thus in wall accretions ma}’ 
be found volatilized metal, metallic sulphides, arsenides, antimonides with their 
oxides, and secondary products; sulphides are more apt to be formed near 
the throat of the furnace and o.xides near the top of the jackets. An}' insoluble 
silicates found in the accretions come from parts of the furnace lining or from fine 
particles of the charge. Analyses are given in Table 98. 

T.\ble gS. — A nalyses of Wall Accretions 

Ta.TT.o- Tarno- 



Lead- 

Lead- 




wi:z 

Witz Claus- 




ville 

ville 

ville 

lo 


'sul- 

40X- thsi 


ver 







phide/ 

izc) 




(a) 

(a) 

(a) 

m 

(b) 

(c) 

icj (d) 


CO 

s 

. 8.291 

2.600 

2.725 

23 .98 

19.74 

13-9 

14.67 



Pb 

, 47 .491 

70.631 

25-953 

r. 4 S 

37.48 

20-32 

24 S2.7: 



PbO 

0.40s 









Bi 










Ag 

. ; 0.0754 

0.297 

0 . 0944 

0.0188 

0.0S24 

0.005 

0.005 

29 , 74 


Au 










Cu 




Vone 

VoT-i. 





Zn 

. 6.977 

Trace 

53-392 

45.68 

38.99 

30-2: 

60 Trace 

1S.42 


ZnO 






C. 2 




Cd 






9-6 




Fe 





0.94 


13.26 


FesOs. . . • 


3-456 

1 .381 




0.40 

MnsOi. , . 

. 2.887 

0 . 54 Mn 

: None 



1.60 Mn 

As 

. 0.039 : 

S.009 


None 

; None 





As* 0 » 










Sh 

. ; Trace • 

2.697 ' 


Trace 

: 0 . 12 


T 



SbsO* i 

0.056 








5-593 







SO* 

1 

0.287 






3 .00 

p,r)« 

_ a- Trtrt 







CL Bt 1 


0.03s 







CO* 









CaO 



0 200 

^ 6.20 

0.30 



3 ■ 30 


MgO.... 

. 4 • 297 


0.159 






AhOa.. . 

. 1.672 

0.600 

O.32S 


1 

18 




SiOi 

. 10. 100 

2.S30 

: 1.577 

8. 13 

2-57 J 



17 . 26 

0 .40 

0 


6.256 

i 13.751 








(ffl> Emmons, “Geology and Mining Industry of LeadviHe,” 727. ffe> Dewey, Bnlletin No. 42, "United 
States Natiomal Museum,” 1891, S 4 - Dobers and DsM^^ecki, Zt. B^rg. HMiUn. S&l. W. i. Pr.. 18S4, 
lacxM, vm. fd) Meaner, jBer*. Hmmm. Z.. i8S3. xn, 5 »- M lies. ScJM Min. Qmsrt., 1896-97, xroi. 18. 
if} prirote ooiamuBieatfcm, August., zll^. (g) Avemge for 17 years, lies- (A) Ounces 

pec 

^ Iie% S'sk&d xroi, 18. 
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The finer these particles, the more rapidly do accretions form; thus with 
galena concentrates, accretions form more rapidly than with lump galena. 
While they generally form at the sides rather than at the ends of a furnace, it 
has been noticed in some instances that with the increase of the distance between 
the tuyeres they form more at the ends and are thicker at the front than at the 
back. 

The Clausthal analysis, where galena is smelted raw, represents a crystallized 
wall accretion, consisting principally of galena. At Tarnowitz, where slag- 
roasted galena rich in blende is smelted with the gray slag from the reverbera- 
tory furnaces, tw’o kinds of accretions form, one a sulphide principally black, 
the other an oxidized compound ha\nng a greenish color. The three analyses by 
Guyard of Leadville accretions (produced when carbonate ores formed, if not 
the w’hole, at least the major part of the charge) show a great variety in com- 
position. The lead, for instance, is present as metal, as sulphide, and as 
oxide; zinc, arsenic, and antimony as sulphides and as oxides. 

The method of remo\T.ng these accretions, while the furnace is running, 
and their treatment have been discussed in §172. 

193. Hearth Accretions or Sows. — In a furnace wnth an Arents siphon- 
tap these unwelcome products form on top of the lead below the tuyeres; in 
furnaces tapped from the bottom, they form there. They result from a faulty 
charge or from a lack of fuel, and are generally mixtures of slag, speiss, matte, 
metallic iron, metallic lead, coke, and charcoal. The metallic iron results 
from the reduction of ferric o.xide, some of it being held in solution by melted 
matte and dropped when this cools. The iron of a sow is generally carburized 
and contains Si and P. Analyses are given in Table 99. 

It does not usually pay to w’ork up a hearth accretion; it is thrown over 
the dump or buried, being an eyesore. Flechner^ suggests several methods 
of working furnace-sow’s. The following, used at the nickel works of Schwerte 
in W^’estphalia (Prussia), is of interest. Furnace-sows containing from 75 to 
S5 per cent- Fe, 5 to 8 per cent- Cu, 3 to 6 per cent. Mo, 2 to 4 per cent. NiCo, 
and w’eighing from 500 to 600 lb. apiece, are gradually melted down with coke 
on the bottom of a blast furnace, the melted parts running out continuously. 
In this way a large crust is easily reduced in size, and can then be added again 
to the ore-charge, w’here it will be taken up by the speiss and the matte. Any 
mechanical means of breaking up a hearth accretion is sure to cost more than 
w'ili be recovered from resmelting. 

194. Furnace Cleanings and Furnace Refuse. — Furnace cleanings and refuse 
are a mixture of fire-brick, metal-bearing materials, fuel, etc., obtained in 
cleaning out a blast furnace when blown down. They are assorted; the waste 
goes to the slag-heap, the valuable part is added to the ore-bed. 

195. Furnace Gases. — The composition of blast furnace gas has been given 
in Table 75. As it runs high in N, and as the amount of CO2 it contains is 
greater than that of CO, it has no value as a gaseous fuel, and goes to waste. 
The recovery of dust and fume it carries along with it, is taken up in §196. 

^ Oesierr. Zi. Berg. 18S9, xxxvn, 196, 
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The gas carries such small amounts of and SO3 that it can pass into the open 
without having to be treated to neutralize free acids. 

T.vble gg. — Analyses of Hearth Accretions or St>ws 

Lead’i.'ille 'A,. P?ibram "N Pribram (5) 


Fe 72.S2S 4S.6S5 3S.S75 

18.795 7 - 3^9 20.140 

Ag o . I 149 o . 060 0.160 

Au 0.00003 

Cu Trace o.igg 1.107 

As , 5.0S3 <,446 2.3*9 

Sb Trace 0.450 ^ 735 

AIo 0.161 

Ni o 045 Trace Trace 

Co Trace Trace Trace 

Zn Trace 3.61c 5 - 4^7 

Ain 0.015 

S 0.650 13-760 1S.466 

P 0.109 

Graphite 0.750 

Combined carbon ! 0.550 

Si, slag, loss ! o . 900 

CaO 0.166 o 7S0 

SiOa ' 15 S5C 9 300 


(a) Emmons, loc. cit., 723. (b) Balling, Berg. Huilenm. Z., '.Zb-, sna'i, 4:.?. 

196. Flue- or Chamber-Dust.^ — This product is the material which has 
settled from the gases in their passage through condensing flues, chambers, 
etc. It is made up of two components which merge into one another, dust 
proper and fume. 

The dust consists of particles of the charge, mostly unaltered but sometimes 
chemically changed, ranging in size from I-2 and } i in. to impalpable powder; 
the fume, of metals and their compounds which have been volatilized in the 
lower part of the furnace and not condensed in the upper. The vapors have 
been more or less oxidized; so the fume may contain sulphides, sulphates, 
and oxides of Pb,Zn,As, Sb, Se, Te, etc. The fume is an impalpable powder 
which collects mainly on the walls of the condensing system; the major part 
passes off with the gases unless it is arrested by filtration or electric precipita- 
tion. Some dust settles with fume, and some fume -wnth the dust. A rough 

^ Hering, C. A., “ Verdichtung des Huttenrauches,” Cotta, Stuttgart, 18SS. 

GuiUemain, C,, ‘‘Tbeorie und Praxis der Staubverdichtung und der Reinigung und Ent- 
stSubung von Gasen,” Knapp, Halle, 1911 (mainly a compilation of German patents). 

Fulton, C. A., ‘^Aletallurgical Smoke,” Bureau Mines, BuU, 84, Washington, 1915. 

Hofman, H. O., “General Metallurgy,” McGraw-Hill Book Co., New York, 191S. 

Hes, Eng. Min. J., i8B<S, XLI, 74, 93, 148; School Min. Quart., 1S95-96, 'xvu, 97. 

Friedrich, MetaUmgk, 1906, ni, 747. 

Ingals, Eng. Min. J., 1911, xch, 1115. 

Schiffiner, MdkM. n. JSrs., 1914, xi, 357-278. 
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distinction can be made by the amount of insoluble residue each contains; 
dust contains over, fume under 5 per cent. Insol. 

Table 100 gives some older analyses of flue-dust from various smelteries, 


T.\ble 1 00. — Analyses op Flue-dust prom Various Sjlelteries 



(a) Curtis, jTr. A. /, M. E., 1873-74, n, 95. (6) Dewey, Bulletin No. 42, “United States National 

aauseum,” iSpt, p. 53. (c) Balling, Metallkuttenkitnde, 1885, p. 87. (d) Preudenberg, M., “Dieaufder 

Bleihutte bei Ems xut Gewinnung des Plugstautes getroffenen Einricbtungen.” Ems, 1883, p. 19; Abstr. 
Eng. Min. J.. 1SS2. xxsiv, 14; Egleston, Tr. A. I. M. E.. 1882-83. xi, 379: Stetefeldt, “Comment on 
Freudeabwg’s Plates," £««, iff It. J., 1883, aoDCVi, SI. (e) Hexing, o#. p. 34. (-at?-- — 1- 

J., 1880, xxtx, 49. (g) Kosmann, Zt. Berg. Hutten. Sal. W. i. Pr.. 1883, xxxi, 227. (A) As oxidei 


and Table loi some more recent data from the works of the Globe Smelting 
and Refining Co., Denver, Colo., communicated by M. W. Hes. 

The analyse do not take any cognizance of the presence of ISTHs. This 
has been noticed by several metallurgists. Iles^ observed it in icicles attached 
to the conduit pipes leading to the bag house. Canby,* Dwight,® and Semple^ 

^ Eng. Mim. J., 1S89, Lxvm, 576. 

® Lac, cii.j p. 653. 

* Tr. A. I. M. E.f 1912, tclut, 746, 

* Eng. Min. J., 1913, xcv, 
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T.-vble loi. — Axalyses op Fi,n;-Du~T froii the Gi.obe Smeltery. Deaa'er, Colo. 


Average 
sample of 
all dust 
collected in 

Tn vf^nr^ 


Dust from • Dust from Dust from 
downcomers roof of blast' hood 
of 1 1 blast furnace . above slag 
furnaces building tap 


Fume from Fume from 
slag-fjot reverbera- 

wliile tory settling 
boiling furnace 


SiOa 

26.20 






Fe 

13.40 

4.60 








1.40 



Mn 

0.93 





CaO 

5.30 

2. So 





BaO 






Sb 







SbOa 





















Zn 

. . i 4-74 

2 . 70 




26.70 

ZnO 




-0 



Cu 

. . 0-95 






Pb 

25.60 

47-50 

27 . 10 



31 -oo 

PbO 



'I -0 

PbS 04 




^-'10 



s 

4.20 





6.50 

SO3 


1.70 ' 




Ag, oz 

. . 33 . 40 

16.70 

0.06 

25-40 

0, 10 



4 . 6o 

Au, oz 

. . j 0.14 ! 



Trace 






found that when flue-dust w^as mixed with milk, of lime pre\ious to briquetting, 
NHs was set free. This presupposes that the NHs, present in the combined 
state, is liberated by the Ca(0H)2. Richards^ suggests that AIX may be the 
source of NH 3 . Hickman^ seeks it in the volatile matter of the coke , which has 
not been completely expelled; the burning of the coke w’ould be completed in 
the upper part of the blast furnace, and the XH3 present expelled; the latter 
would combine with SO 3 to (NH4)2S04, and this would be collected, at least 
in part, in the flue-dust. 

The flue-dust from blast furnaces has generally a dark color, w^hich is caused 
by the admixture of finely divided fuel. It is black when charcoal forms even 
a small part of the fuel. The amount of flue-dust formed depends upon a 
variety of causes. Fine ores or fluxes are carried aw^ay easity by the current of 
gases; charcoal, being friable, makes dust; soft coke is broken up to some extent, 
and causes mechanical losses; and the manipulation of the furnace, affecting 
the descent of the charge, has a very great influence. Thus careful feeding and 
cutting out of wall accretions will reduce the formation of flue-dust to a great 
extent. Then, a high temperature in the smelting zone causes much vola- 
tilization; in the same way a high-pressure blast will cause much vapor to be 

^Tr. A. I. M. 1912, xiEu, 748. 

- En^, 1914, 'XCfn, *260, 
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carried out of the furnace, if the quick ascent of the gases be not checked by the 
form of the furnace (by having boshes). Extreme figures of the amount of flue- 
dust formed are 0.8 and 15 per cent, of the weight of the ore charged.^ An 
average figure used to be 5 per cent. ; this has fallen to 2 per cent, since blast 
roasted material has formed 70 to 80 per cent, of the charge. 

The character and consequent value of flue-dust changes greatly according 
to the part of the flue in which it is collected. Near the blast furnace it will 
resemble ixry much the ore that was charged, further on it will grow richer in 
Pb and lower in Ag until all ore particles have been settled out, and only fume 
remains suspended in the gas current. This will be very rich in Pb and very 
poor in Ag. Thus filtered fume coming from blast furnaces producing lead 
bullion assaying from 300 to 500 oz. Ag per ton will assay only about 4 oz. This 
was shown very clearly in the F. L. Bartlett process (§73). It may be further 
illustrated by two instances, one of ample and one of insufficient condensation. 
The dust collected at a distance of 625 ft. from the blast furnace contained from 
20 to 25 per cent. Pb and 50 oz. Ag per ton; after passing the rest of the way, a 
flue 5010 ft. long, it contained 65 per cent. Pb and i oz. Ag per ton. In the 
second instance, the dust behind the blast furnace assayed 35 per cent. Pb and 
31 oz. Ag per ton; in the main dust chamber, 41 per cent. Pb and 26 oz. Ag per 
ton; at the foot of the stack, 52 per cent. Pb and 17 oz. Ag per ton. 

The flue-dust from roasting and reverberatory smelting furnaces, blast 
roasting apparatus, and converters is light colored, as the processes are oxi- 
dizing; the dust and fume are therefore composed of oxidized materials, and 
contain practically no carbonaceous matter. The amount formed varies too 
much to permit making a general statement; numerical data have been given 
with the several furnaces. 

197. Recovery of Flue^dust and Fume; General. ^ — The methods in 
operation at lead smelteries and refineries maybe classed as dry, wet, and electric. 
Dry methods of collection are used almost exclusively in the United States and 
do excellent work. Wet methods were in operation at the Cheltenham Works 
of the St. Louis Smelting Works;® they have found much favor in European 
works. Electric condensation of fume by means of the Cottrell process is 
making much headway in lead plants and promises in time to replace the bag 
house which at present serves this purpose. 

Whatever method may be used for collecting dust and fume, the gases 
issuing from the furnaces travel through flues and perhaps chambers in which 
they drop most of their dust, and then pass on to special condensation*apparatus. 

198. Dry CoEectioii of Dust and Fume. — The steps necessary for satisfactory 
work are, cooling of gas and retardation of its velocity with settling of dust, 
to be followed, when necessary, by filtration for the collection of fume. 

199. Ccmling of Gas. — Cooling of gas is essential to reduce the temperature 

^Hahn, Min. Res. U. 5 ., 1S82, p. 344. 

® lies, School Min. Quart., 1896, xvn, 977. 

Hofman, General MetaHurgy,” 1918, 831, 

* lies, loc. cit., p. 105. 
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to a point at which volatilized metal or metallic compound ceases to exist in the 
state of vapor. The single particles suspended in the gas current are brought 
together more closely, and unite into flaky masses which settle more or less 
readily. Cold surfaces attract particles; hot surfaces, specially when moist, repel 
them-h 

Though the gases from a lead blast furnace run with a cool top require very 
little cooling, the fine dust and vapor coming from reverberatory smelting and 
refining furnaces are likely to be lost, if their temperatures are not reduced . 

In a current of air Pb is volatile at above 500" C. ; PbO at Soo'; PbS sublimes 
in a current of N at 800®; ZnO requires a higher temperature than PbO. The 
saturation curve for AsaOs,- of Elton, ^ is given in Fig. 416. It shows, c.g., that 
at 833® F. ( = 445° C.j i cu. ft. under — I 

standard conditions will hold 0.325 lb. 

AS2O3, and at 250® F. (=121® C.) only a g*' " 
trace. The gas current must therefore feoo 
be cooled to 121° C. if all the As^Os is to 
be condensed. The gas SO2 cannot be ^ 
condensed by ordinary cooling methods. 

The vapor SO3 is present in gases un- cab.Ft.af .ur :g cvacj ?3C mm.-.i,!}. 

combined with H2O at 440° C.; between pio. 416.— Vapor-tendoa curve of As,Oz. 
350 and 440® about half the vapor is 

in combination with HoO; at about 338® the SOs has been wholly changed into 
H2SO4, but is still in the state of vapor; between 200 and 33^'' the vapor is 
in part converted into a mist; at 200® it begins to be completely condensed, i.e., 
H2SO4 of 62° Be. (sp. gr. 1.75) begins to be vaporized at this temperature. In 
general it may be said that, if gases leave the stack at a temperature twice as 
high as that of the surrounding atmosphere, the cooling has been carried as 
far as it is possible without resorting to induced draft. 

The common medium for cooling flues and chambers is atmospheric air; 
in some instances this has been supplemented by the use of water. 

At present flues are built of sheet iron and brickwork. Formerly rein- 
forced concrete, a coarse lattice of iron wire, or expanded metal imbedded in 
cement concrete,^ was much in favor® on account of the efficient cooling by 
the thin walls, but has fallen into disuse, as the wails cracked and were attacked 
by sulphurous gases. In an iron pipe there- is a loss of 0.02-0.0S B.t.u. per sq. 

1 Aitken, Froc. Roy. Soc., Edinburgh, 1913, xxxn, 183. 

Russell, Fhil. Trans. Roy. Soc., 1903, cci. A, pp. 1S5, 551. 

2 Welsh, H. V. — Duschak, L. H., “Vapor Pressure of Arsenious Oxide,” Bur. Mines, 
Techn. Paper 8r, Washington, 1915. 

^ Tr. A. I. M. E., 1913, XLVi, 697. 

^Monier flue: Bauer, Freiberg. Jahrh., 1894, 39; Eng. Min.J., 1S9S, xix, 342; Min. 
Ind., 189s, IV, 478. 

® Messiter, Eng. News, 1899, xm, 356; Min. Ind., 1900, jx., 4 SS- 

Edwards, Tr. A. I. M. E., 1905, xxxv, 60, 965. 

Welsh, Eng. Min. J., 1904, ixxvni, 348. 

Hain, Eng. News, 1905, UEH, 279; Min, Ind., 1905, xrv 417. 
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ft. per min. for i° F. difference (=9.05 to 36.2 Cal. per sq. ft. per min. for 1° C.) 
between the outside of the pipe and the surrounding air;^ Anderson^ gives the 
rate of transmission, through sheet-steel plates about 3'^ in. thick, as 0.02 to 
0.04 B.t.u. per sq. ft. per min. per 1° F. ( = 9.05 to 18. i Cal. per sq. ft. per min. 
per C.). The values, however, vary with the cleanliness of flue, convection 
of wind, exposure to sun, etc., and increase with the temperature of the pipe. 
In a brick flue with sides 13 in. and roof 9 in. thick there is in a loo-ft. flue a loss 
of 0.154^ C. for every degree difference between gas inside and air outside.® 



Fig. 417. — Suspended sheet- iron Figs. 418 and 419. — Suspended sheet-iron con- 
blast furnace flue, Omaha, Xeb. verier flue, Omaha, Neb. 


In Fig. 417^ is shown the suspended sheet-iron blast furnace flue of Omaha, 
Neb., which is 1400 ft. long. The gases from the blast furnaces enter a brick 
flue before they pass into the sheet-iron flue which is connected with a fan de- 
livering the cooled gas to the bag house. 

Figs. 418 and 419 represent the sheet-iron converter flue of Omaha, Neb.,^ 
which is 1250 ft- long. The gases are drawn through the flue by a fan at the 
rate of 80,000 cu. ft. per min. They enter the flue with a temperature of 371° 
and leave it at 121° C. 

The supported balloon-shaped flue of Tooele, Utah, is shown in Figs. 420- 
424. It is made of plate iron 3 ^ in. thick, and carries the gases from the 
blast furnaces to the bag house. A volume of 88,000 cu. ft. per min. enters 
the flue at 102° C-, travels at the rate of 18 ft. per sec., and leaves at 84'’ C. 

^ Norton, C. L., private communication, January, 1918. 

s Tr. A.I. M. jE-, 1916, xuaq 575. 

j * Lee, BuM, Tech. Eng. Sm. Cd 4 . Sckod Min.j, 1909, iv, 197; Min. Ind.^ 1909, xvm, 497. 

I * Filers, Tr. A, J. Jf- 1912, xmv, 708, 

* Filem, tw:. ci$. 
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Iron flues are usually coated with graphite in order to protect them against 

corrosion. 

Brick flues usualh" have one of the two following forms One is shown in 
Fig. 425. This represents the flue for roaster-gases at Durango, Colo., which 
has vertical sides, 13 in. thick, and a low" arched roof, 9 in. thick. The footing 
of the walls is 15 to 24 in. deep and 18 to 24 in. wide; the buckstays and tie-rods 
are of soft steel. The other, ha\ing in cross-section the form of a catenary" 
curve, is given in Fig. 426. It is built of g-in. brick, strengthened at intervals 



of from 6 to 10 ft. by ribs of reinforced concrete; e.vpansion joints, 2 in. wide, 
are provided every 100 ft., and are covered with one thickness of brick laid dry. 
The most economic section is obtained by making the height 75 per cent, of 
the base, and the cross-sectional area 55 per cent, of the square of the base. 

In the brick flue at Murray, Utah,® the blast furnace gases entering with 
a temperature of 48° C- showed a drop of 19° C. in 865 ft. w'hen the outside air 
had a temperature of 18° C. The length of the flue is 2000 ft. 

In some European plants air-cooling has been assisted by external water- 

BuU. Tech. Eng. Sm.: C&h. Schml Min.^ ^909? iw, ^97; Min. 1^39, 


497- 
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cooling. At Freiberg, Saxony,^ oblong flues of sheet lead used to be cooled with 
water admitted onto the roof which trickled down over the sides. At Tarnovdtz, 
Silesia,® bundles of pipes with circulating water used to be suspended through 
the arch of a brick flue; adhering fume -was hosed off at intervals. At other 
places cooled solutions were circulated in coils of iron pipe placed at certain 
intervals in the flue.* 



200. Retardation of Gas Current and Settling of Dust. — The gases in the 
downcomer of the blast furnace have a velocity of 20 to 30 ft. per sec. Recent 
investigations by Shelby,^ Moore and Wright,® Lee,® Goodale and Klepinger^ in 
connection with copper blast furnaces have shown that dust is settled satisfac- 
torily, if in a clear open flue or chamber the velocity is reduced to 2^-^ ft. per sec. 
and the gases remain 50 sec. in it, or to 5 ft. per sec. in a flue or chamber hung 
with wires. With lead plants which collect unsettled fume by filtration or 
electric precipitation the velocity need not be reduced to below 4 or 5 ft. per 
sec. pro\ided the gases remain 70 sec. in the flue or chamber. .The chimney 
velocity should not be greater than 20 or 25 ft. per sec. 

Retardation of gases is usually accomplished by change of direction of flue; 
by suspension in flue of plates at right angles to gas-current; by enlargement 
of flue to chamber; by alternate enlargement and contraction of flue; by suspen- 
sion of plates in flue parallel with gas current; by suspension of wires in flue. 
The relative efficiency of these dust-arresting devices has been determined 
experimentally by Goodale and Klepinger;® their results are given below in §206. 

^ Hagen, Freiberg. JaJtrb., 1879, p. 171. 

* Saeger, Zt. Berg, ff mten. Sal. W. i. Pr., 1893, xlv, 280. 

® ScUcfeser-Emst, Berg. Bmenm. Z., 1885, xuv, 464; 1887, XLvr, 134. 

* Eng. Min. 190S, ixxxv, 205. 

* Op. cit.j 1910, LXXXIX, 449; XC, 104, III, 112. 

*Op. cU.y 1910, XC, 504. 

Tr. A. 1 . M. E.j 1913, xnvi, 567. 

* Tr. A. /. M. E., 1913, xi-vi, 589. 
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201- Change of Direction of Fine. — In the older European lead works 
it was customary to build long brick flues; these cooled the gases and retarded 
the velocity on account of the friction between stationary wails and traveling 
gas. ThuSj at Freiberg, Saxony, there are in operation flues 5 miles long. 
In order to decrease the length, zig-zag flues, as shown diagrammaticaily in 
Fig. 427, have been biult. It was found 
that some dust accumulated at every 
change of direction of gas current; they 
were therefore an improvement on the 
straight long flue as regards collection of 
dust, and at the same time caused a 
saving in building material; but the ad- 
ditional amount of dust collected is small. 

As long as such zig-zag flues are built on yic. 427.— Zig-zag flue, plan, 

pillars or are suspended so that air can 

play around them, they are effective. Thus, the customary balloon-flue 
(Figs. 417-424), usually built in a straight line, can be erected to cover a 
smaller floor-space. 

202. Suspension in Flue of Plates at Right Angle to Gas Current. — Plates 
can be introduced into a flue in a manner to force the gas current to travel 
in a sinuous path either in a horizontal or a vertical plane. Both arrangements 
have an effect similar to that of a zig-zag flue excepting that the temperature 
is not reduced as effectively. Gases traveling along a serpentine path in a 
horizontal plane will not drop dust as readily as when their course is deflected 
slightly up and down, as here the dust dropped on the downward travel can 
be collected in a pocket in which there is no movement of air. Many European 
plants have adopted this construction. See curves 35 and 36 in Fig. 437. 

203. E n largement of Flue to Chamber. — Increase of size of a flue to a 
chamber effectively decreases the velocity" of the gas-current and thereby 
favors settling of dust. Upon entering the chamber, the velocity is slackened 
gradually to the point where the draft near the exit begins to show its effect; 
then there is a gradual increase in velocity. The chamber, however, should not 
be too large, ^ as the gas current does not expand to fill the entire chamber; 
it travels only through part of it, and then only part of the enlarged flue or 
chamber is really utilized in the settling of dust. It has been suggested that 
the approach to the chamber should be tapered, as the dispersion of the gas- 
current in the chamber would be increased and thus a larger part utilized 
for settling.^ See curves 32 and 34 in Fig. 437. 

204. Alternate Enlargement and Contraction of Flue. — If, as shown in 
(§203), a single great enlargement of flue is not likely to utilize to the full extent 
the cross-sectional area of a chamber, repetition of the process with small 
enlargements ought to be more satisfactory. So far this method has not 
found much application. See curve 37 in Fig. 437. 

^ Messiter, Min. Sc. Fress, 1908, xcvii, 26. 

* Wedge dust chamber, iSwg. Min. 19x6, ci, 646. 
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205. Suspension of Plates in Flue Parallel with Gas Current. — In the ap- 
paratus referred to there has been passed over the consideration of the friction 
between stationary walls of due and moving gas current, which is the cause 
of the reduction of velocity. It is Freudenberg’s merit^ to have discovered, 
that an increase of surface is an effective means of settling dust, and that the 
amount of settled dust is in direct proportion to the area of surface with which 




Figs. 428 to 433. — Flue with Freudenberg plates, Freiberg, Saxony. 


the gas comes in contact. The cooler the surface, the greater will be its attrac- 
tion for suspended particles.* In order to increase the surface area, Freudenberg 
suspended at the lead works of Ems, Prussia, thin sheet-iron plates® parallel 
with the gas-current, and to prevent settled dust from being carried off, he 

^ Freudenberg, M., “ Die aaf der Bidhutte bei Ems zur Cxewiiinung des Flugstaubes getroff- 
euen Einrichtungea,’* Ems, 18S2; Abstr., Eng, Uin. J., 1882, xxxiv, i. 

Eglestoa, Tr. A. I. M, E., 1882-^3, 30, 379. 

Stetefeldt, “CcaaBoetit <m Freadeaberg's Plates,** Eng. Min. 1883, xxxvi, 51. 

® Aitken-RusseM, p. 43.1. 

•Illastxated ia refereace. 
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placed vertical partitions across the bottom which reached nearly to the hanging 
plates. The plates are self-cleaning, that is, the dust collecting on the plates 
falls off when it has grown to a thickness ranging from s to in. Figs. 
428-433 show the Freudenberg plates of Freiberg, Saxony. ^ All plates are 
3 ft. ■'’i^de and ^^2 in. thick. The plates in the arched portion of the 

flue (from 8 to 16 in number) are from i ft. 3 in. to 2 ft. io}i in. long. They 
are suspended at intervals of 4^-^ in, by hooks from pins passing through band- 
iron which, following the sweep of the arch, is let in at the sides and fastened 
to the roof. There are half as many plates in the lower part of the flue ; they 
are 3 ft. 73^^ in. long and about 8 in. apart. They are supported by lugs, riveted 
to the upper ends on cross-bars let into the sides. Thus when enough dust has 
collected on the bottom of the flue to make a clean-up, the lower plates are 
pushed to one side, and then do not interfere with the work. A comparison 
of 3 years’ work both with and without Freudenberg plates show's that the 
amount of flue-dust collected both in the flues leading to the chamber containing 
the plates and in the chamber itself is twice as much with the plates as without 
them, and that the dust in the flue leading from the chamber to the stack is 
much less, A comparison of the assay values show's that the dust settled out 
in the flue leading to the chamber w'as richer in Pb and As than when 
no plates were used, and that in the chamber proper and the flue leading from it 
to the chimney more As w'as collected and less Pb. These results speak very 
well for the plates. The disadvantages are that the plates are quickly corroded 
by acid moisture if the temperature of the gases sinks below 50“ C., that they 
diminish the natural draft so that forced draft becomes necessary, and that 
they are expensive. Curve 33 of Fig. 437 show's how' effective the plates are 
when compared with other arresting de\ices. 

An older system of increasing the flue-surface is represented by the Cow'les 
flues. 2 Here the gas from the main flue passes on either side into a number 
of smaller branches placed at angle of about 45°; these unite into sub-conduits 
which end in the single main. 

206. Suspension of Wires in Flue. — The success of Freudenberg prompted 
Roesing^ to suspend wires in the dust-flue of Tarnow'itz, Silesia, w'hich did most 
satisfactory work. The wires are of No. ro gauge and 10 ft. long. The manner 
of suspending them is shown in Figs. 434-436. These represent a w'ire screen, 
e, of about i-in. mesh, riveted to I-beams, d, running along the top of a flue 
which is 16 ft. 6 in. high. From the screen the wares are suspended. The 
gases travel upward in one chamber and downward in the next, that is, parallel 
with the wires. By a shaking arrangement the dust can be more easily removed 
from the wire than from the plates. At Tamowitz, Silesia, during 300 working 
days in 1888 there passed off into the open air without the -wire system 121,000 
lb. of solid matter for every furnace; with the wire system the weight of the solid 
matter was reduced to 90,200 lb. without diminishing the draft of the chimney. 

^ Bauer, Freiberg. Jakrh.f 1894, 59; Eng^ 1S95, ux, 342; Mim. Ind., 1895, rVj 476- 

* Bes, Scko^ Mim>. Qumi^j 1895-96, xvu, 115. 

* Saegjer, JS'^erg^ M^Mm. S&d, 'SF. 1895, xxi, 267. 
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In 1900^ the Anaconda Copper Mining Co. completed at its plant of Great 
Falls, Mont., the new flue-system of which the Roesing wire-system forms 
an integral part. The paper has to be consulted fully to study this 
admirable system of collecting flue-dust. The part that is of main interest 
here is the dust chamber 367 by 177 ft. and 21 ft. high from the tops of the 
hoppers, which form the floor, to the roof. The chamber is hung for a dis- 
tance of 317 ft. with 1,200,000 steel wires spaced 2.3 in. The gases travel at 
right angles to the suspended wires. The wires, weighing each about i lb., 
are hung in two groups wdth a clear space, 47 ft. long, intervening, for the pur- 
pose of collecting dust in the entrance, and fume in the exit division. At the 
inlet end there is left a clear space for the even distribution of the gases; in 



Carrier 



Figs. 434 to 436. — Roesing wire-system, Tarnowitz, Silesia. 


the first 51 ft. of the chamber the wires are 0.162 in. in diameter and 16 ft. long; 
the rest of the wired space has wires 0.133 diameter and 20 ft. long. At 

the upper end of the entrance division there are 22 pipes for the admission of air 
to cool the gases to the desired temperature. The wires are suspended from a 
netting of steel wire, with if-^-in. openings, bolted to the I-beams of the roof. 
The suspended wires are shaken for 30 min. at intervals of 60 to 90 days by 
means of angle-frames, suspended by hangers, through connecting rods extend- 
ing through the flue-waUs and attached to a bell-crank lever. The efficiency of 
the wire-system is shown in curves 38 and 39 of Fig. 437. 

207. Efficiency of Dust-arresting Devices. — The tests of Goodale and 
Klepinger were carried on in an experimental flue, 4 ft. wide by 4 ft. 6 in. high 
and 304 ft. long, having a furnace-gas inlet at one end and an exhau^^^fan at the 
other. The velocity of the ^ses ranged from 4.4 to 9.4 ft- per §eq-, and the 
temperature was 400° F. (204° C-) The results obtained in the first 300 
ft. of the chamber are shown in Fig. 437- The ordinate at the left gives 
the pounds of dust and fuine collected per 1,000,000 cu. ft. gas at 400° F. 

* Goodale-Klepiuger, Jr. 4 . I. M, 1913, xnvj, 567. : - 
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(204° C.'), the one at the right the percentage of the total dust recovered, 
the total of 100 per cent, being arrived at by liltering a measured volume of 
gas through mineral wool. The abscissa gives the length of the flue under 
consideration. 

Tests 32 and 34 show that in the open flue, without any obstruction what- 
ever and with velocities of gas of 9.4 and 8.9 ft. per sec., there were collected 
in 300 ft. of chamber between 30 and 40 per cent, of the dust. 

Test 33 indicates that over 40 per cent, of the dust was recovered, when 
II rows of longitudinal surface plates {2$ by 35 in. and 0.5 in. thick), t.e. 



Freudenberg plates, were hung 4 in. apart in the flue for a distance of 170 ft.; 
cross-plates, 8 in. high, were placed 10 ft. apart on the floor. The velocity of 
the gas was 9.3 ft. per sec- 

Tests 35 and 36 exhibit the effects of 6}^-SLnd 3}4'- in. plate baffles placed 
staggeringly across the flue so that they present their surfaces to the gas-current; 
plates, 8 in. high, were placed every 10 ft. on the floor to arrest settled dust. In 
test 35, the baffles, 6.25 in. wide, were suspended 7 in. apart, with open spaces 
5^ in. between baffles and in. between baffles and walls, in two divisions, 
92 ft. long, separated by a clear space of 100 ft. In test 36, baffles, 3M wide, 
were used throughout the flue with the exception of about 8 ft. at the end. The 
6.25-in. baffles effected a saving of over 80 per c^t. of the dust with a gas- 
velocity of 4.4 ft. per sec.; the baffles one of 70 per c^t. with a velocity 

of 5.7 ft. per sec. 
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Test 37 displays the effects of expansions and contractions of the flue. The 
flue, i8 sq. ft. in cross-sectional area, was partly closed at loo and 104 ft. from 
the ends by two partitions, each having a central pipe 18.5 in. in diameter or a 
cross-sectional area of 1.8 sq. ft. This simple contrivance caused a saving of 
over 70 per cent, of the dust with a gas-velocity of 6.9 ft. per sec. 

Tests 38 and 39 bring out clearly the great saving of dust accomplished by 
wire-baffles or the Roesing system. Copper wires, No. 7 B. & S. gauge, were 
suspended from poultry netting at 2- and 2.5-in. centers to extend from roof to 
floor. In test 38, two 50-ft. sections w’^ere hung with wires; it presents a saving 
of close on to So per cent, of the dust -with a gas-velocity of 7.9 ft. per sec., and 
demonstrates in a striking manner the difference between a wired and a clear 
flue. In test 39, the flue was hung throughout with wires with the exception 
of 9 ft. at the end; it shows the greatest saving, about 85 per cent., with a gas- 
velocity of 7.3 ft. per sec. 

As a result of these tests, the new dust chamber of Great Falls has been pro- 
vided with wire-baffles as outlined. 

208. Filtration of Fume, General.^" — ^The fumes of lead furnaces which have 
not been collected with the dust are recovered at present mainly by passing 
them through suspended cotton or woolen bags. These allow the gases to pass 
freely through the meshes, but retain the fume and the fine dust which has 
remained in suspension owdng to imperfect settling. 

Cloths stretched up and do-wm in zig-zag across a dust-chamber (Brown- 
DeCamp fume collector) were once used as a filter at Omaha, Neb.® The 
filtering was satisfactory, but the difficulty and expense of making repairs in 
the cloth were too great to warrant continuing work with this device. 

A bag house^ will be used for filtering if the values recovered are sufficiently 
large to pay for the installation and the cost of operating, both of which are 
high,'* or if it is necessary to prevent metallic compounds from passing off into 
the atmosphere which would do damage to the country in the neighborhood; 
it may serv^e also to prevent losses during abnormal workings of the furnaces. 
Unfortunately filtering recovers all the fumes, hence also AS2O3, a by-product 
which it is often difficult to market. 

It has been shown that in lead blast furnaces run with cold tops the loss in 
metal is caused mainly by particles of dust, as the furnaces make very little 
fume. As long as there has been made adequate provision for settling dust, 
a bag house will not be needed. 

Filers,® discussing the bag house of the smeltery at Murray, Utah, which 
smelts silver-lead ores with charges containing 10 to 12 per cent. Pb, and that of 
the smeltery at Omaha, Neb., which treats in the blast furnace charges running 

* lies, l&c. cU. 

Ebaugh, /, Ind. Emg. Ckem., 1909, i, 686; Eng. Min. J., 1909, i^oxvnr, logo. 

® Eng. Min. J., 1895, n 3 C» 372- 

* lies, M. W., “Lead Snaelting,” Wiley, New York, 1902, pp. 186-211. 

* A bag bouse witb 4000 ba|^ costs about $150,00x5. 

Editor, Eng. Mim. J., 1909, raoaraii, 1021. 

* Tr. A. /. M. jB., 1912, xtiF, 708. 
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high in Pb and Ag, has shown that the bag house of 3Iurra3’ does not pay 
expenses, w'hereas that at Omaha furnishes adequate returns. The experience 
in other localities differs in part from that of Eiiers in ihat.e.g., at Herculaneum, 
yio., a bag house is being erected to treat the gases from the blast furnaces 
which treat charges running high in Pb and practically free from Ag. 

In roasting, blast roasting, and converting there is formed a considerable 
amount of fume which carries too much value to allow it to pass into the open 
without filtering (or electric precipitation^ The same is the case with refineries 
which subject lead bullion to an oxidizing fusion. Gases from roasters and 
converters are rich in SO2, and contain more or less SO 3 which corrodes animal 
and vegetable fibres; they have to be subjected to a special treatment (Sprague 
process §212) before they can be filtered. Bags are also corroded by the 
presence of Se in the gases, ^ which occurs as Se02, and coming in contact 
with SO2 converts this into corrosive SO 3 as shown by Se02T-2S02 = Se+2S03. 
The collected fume always shows an acid reaction. 

Filtering gases from the lead blast furnace was first tried in the early eighties 
at the Grant Smelter}^ of Leadville, Colo.,- but given up, as the filtered fume, 
though running high Pb, assayed onh^ 6 to 10 oz. Ag per ton. The first promi- 
nent bag house plant w^as installed at the Globe Works of Denver, Colo., in 
1890,® and has been in operation ever since. Other smelteries have followed 
suit, less on account of the values recovered than to conform to the laws of 
a number of states, and to be protected against possible suits for damages. 

In order to ascertain approximately the losses due to fume, and with it 
to fine dust, a small bag house, such as the one constructed by C. C. Hoke 
at Mapimi, Mexico,^ is valuable. More accurate results are obtained by the 
plant devised by J. M. SamueP at Douglas, Ariz. 

The bag house of Murray, Utah; the solenoid bag-shaking device; and 
the bag house of Midvale, Utah, ma\’ serve as samples of modern practice. 
The bag houses of Denver® and Pueblo, Colo.; East Helena, Mont.; and Selby, 
Cal.’’ resemble that of Murravq the one of Tooele, Utah,® that of Midvale; other 
filters, such as those of the Halberge Iron Works,® of Dupue, IlL,^® of Simon- 


Alexander, Tr. A. /. M. E., 1914, xrix, 565. 

^ Emmons, “Geology and Mining Industry of Leadville,” iMonogr. xii, U. S. GeoL Surv., 
Washington, 1886, pp. 673, 717. 

^ Ingalls, Eng. Min. J., 1905, ixxx, 5. 

Alexander, Tr. A. I. M. E., 1914, xldc, 561, drwgs. 

* Eng. Min. J., 1910, lxxxk, 857. 

® Tr. A. /. M. E., 1916, XV, 751. 

® Ingalls, Eng. Min. J., 1905, xxxx, 5. 

Alexander, Tr. A. I. M. F., 1914, xxrx, 561. 

^ Bennett, Eng. Min. J., 1908, xxxxvx, 115. 

Hofman, “General Metallurgy,” 1918, 854. 

* Thomson-Licka, Tr. A. I. M. E., 1913, xxvi, 942. 

® Miiller, Stahl u. Risen, igix, xxxi, 229; Min. Ind., 1911, xx, 485. 

Gouvy, JKetr. Un. Min., 1912, xx, 54- 
Hofman, “ General Metallurgy,” 191% S56. 

Brooks-Huncan, BuU. A. 1 . Movranber, 1917. 
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Buchler-Banmann,^ of Riggs, ^ can only be noted, as is the case with the camels- 
hair filter of Cameron,® 

209. Bag Filtratioii at Murray, TJtahJ — This bag house, shown in Figs. 438- 
453, was erected in 1906 at a cost of $127,149.29, and went into operation in 
1907. The elevations and sections, Figs. 438-442, give the leading features. 
The bag house, 216 ft. 6 in. by 90 ft. 6 in. and 51 ft. 6 in. high to roof trusses, 




is built of brick; the outside walls are 21 in. thick for a height of 16 ft., are 
reduced to 17 in. for 18 ft., and to 13 in. for the remaining 17 ft. 6 in. Buttresses, 
15 to a side and 5 to an end, are built into the walls to strengthen them; they 
are 24 in. thick, project 4 ft. at the floor-line and taper to i ft. at the line of the 

^ Ingalls, Eng. Mm. 1918, cv, 97. 

* U. S. Patent, No. 1095076, May 5, 19x4. 

* Met. Ckem. Eng., 1917, xm, 284; Eng. Min. J., 1917, cm, 1072. 

* Eileis, Tr. A. I. M. E., 1913, xxaw, 708. 



SMELTING LEAD ORES IN THE BLAST FURNACE 


roof-trees. The details of construction of the roof are shown in Fig. 443. 
The bag house has four steel stacks, Figs. 438-442, 6 ft. in diameter and 78 ft. 
high, one for each compartment to draw off the gases. The moisture that 
condenses inside and trickles down is collected, Figs. 444 and 445, in a lead-lined 
pan; this is hung at a sufficient distance beneath the inlet so as not to 
interfere with the draft; from it a lead gutter runs out on to the roof. 

The bag house is divided into four bays by three brick partition w^alls, 
b, Fig. 446, of the same construction as the outside walls, which extend from 
the floor-line to the apex of the roof. Below' the thimble-floor, c, Figs. 441, 
442, and 446, each bay is divided into four chambers or cellars by 13 -in. brick 
partitions, d, Figs. 441, 442, and 446. A chamber, 87 by 12 ft., has four 8-ft. 
1 2-in. doors, e, Fig. 439, for the removal of dust. 

The distribution flue, /, Figs. 441 and 442, -which is 16 by 16 ft., is built of 
brick and covered with a jack-arch roof. It runs along the entire length of 
the building, and is connected with the 16 chambers by means of 42-in. 
hinged dampers, g, Fig. 441, which are made of ,^ i-in. steel, stiffened by angle- 
irons and operated through 2-in. gas-pipe stems. 
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Figs. 443 to 445. — Bag filtration, Murray, Utah. 


On top of the distributing flue is placed the return-flue, /i, Figs. 441 and 442, 
w’hich is II b}^ 16 ft. and is connected with the 16 chambers by 16 ports, 
k, Fig. 442, provided with 34-in. hinged dampers; these open into the chambers, 
and are opened and closed by chains on the thimble-floor- The return-flue, 
h, Fig. 440, is connected with the fan flue from the blast furnaces, i, Figs. 
440, 452, and 453, by a sheet-iron down- take provided wdth a damper in order 
that the gases from any one of the chambers, cut out by means of valve g. 
Fig. 441, to burn accumulated dust, may pass by port ife, Fig. 442, into the fan 
and be distributed with the blast furnace gases in the other chambers. 

In burning the dust in a chamber, the door, e. Fig. 439, is left open to 
furnish the necessary air. 

The thimble-floor, c, Figs. 441, 442, and 446, made of No. 10 steel plate is 
15 ft. 15 in. above the chamber floor. It is divided, as already shown, into 
four compartments, each of which contains 1008 steel thimbles, 17 in. inside 
diameter and 10 in. high. The thimbles are made of No. 14 steel plate and are 
riveted to the steel floor. The filter bigs are slipped ova* them and wired. 
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There are provided 4032 bags, Figs. 441, 442, 447-449, in the four com- 
partments; they are 18 in. in diameter and 30 ft. long. They furnish a filtering 
surface of 570,012 sq. ft. which filters 165,000 cu. ft. gas per min.; this cor- 



responds to 3.45 sq. ft. siirface per cu. ft. gas per min. When one compart- 
ment is cut out for biiming dtist and fume in the chamber, there remain 
available 2.59 sq. ft. filterii^ surface per cu. ft. gas per min. The basis 
for calculating the number of bags needed was 2.5 sq. ft. per cu. ft. gas per 
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min. This is too little; at present 3 sq. ft. is the usual figure. The first 
bags used in 1907 were of cotton: they cost $2,136 apiece and showed an 
average life of 17 months ii days. In 1909 woolen bags costing $4.7185 a piece 
were gradually substituted for the cotton; in 1913 the woolen bags were still 
in good condition. 

The hanging and shaking of bags has undergone considerable change. 
At first, the bags were wired at the top and suspended by the wire from hooks 
fastened to 3-in, channel irons (Fig, 447, ‘Tor old Bag Hooks”; and shaken by 
hand. For this purpose a compartment has to be freed from gas (aired out) 
before men could enter. In 1910 each row of 42 bags. Fig. 447. was suspended 
from a pipe hung by a If-shaped rod from the old bag hooks. 

The pipe, extending outside the building, is there connected with a lever by 
means of which it secures a horizontal motion of about 5 in. and comes to a 
sudden stop b^' striking an iron plate, Fig. 44S, on the inside of the brick w’all. 



Figs. 447 to 450. — Bag filtration, Murray, Utah. 


A vertical motion of about in. amplitude is imparted to a bag while it moves 
in a horizontal direction. The bags are shaken, a compartment at a time, 
every 24 hr. for 3 to 4 min. Before shaking, all openings of a compartment 
are closed in order to prevent the temperature from falling too low. The 
shaking of all the bags takes a man about 3 hr. Dust accumulates in the folds 
of a wired bag and rots the cloth. This has been overcome by folding over a 
bag for 3 in. and sewing it to form a hem through which is passed a stick, 
Figs. 448—450; the stick is hung by an S-shaped hook. The bag is stretched 
by this means, and the wire does not come into contact with the cloth. 

The fan house, Figs. 45i”4S3, contains a Buffalo Forge exhaust fan with 
impeller 6 by 15 ft. It has a capacity of 225,000 cu. ft. gas running at a speed 
of 150 r.p.ni., or 1500 cu. ft. per revolution, at a pressure of i in. water. 
The drawing shows a 75-h.p. inductioa motor. At first, a loo-h.p. motor drove 
the ■ fan at a s|>eed which took the gases from eight blast 
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furnaces; later a 50-li.p. motor driving the fan at 80 r.p.m. took the gases 
from six blast furnaces. The blast furnace gas arrives in flue, i, and is delivered 
into distributing flue, /, at a pressure of ^2 in. water; just before shaking the 
bags the pressure rises to "The gas leav^es a blast furnace through a sheet- 

iron goose-neck- The gases from eight blast furnaces pass through 1057 ft. 
of brick and 70 ft. of sheet-iron flue before they enter the fan house. Their 
average temperature is 38° C. and the SO3 content <0.003 per cent. 


Soof I Board and Iiro.22 Corro.Iron 




The flue-dust is allowed to accumulate in a compartment to a depth of 
not more than 24 in., as with a greater depth there is danger of self-ignition. 
When it has attained the permitted thickness, it is ready to be ignited and heap- 
roasted. The compartment k cut off from the distributing flue and connected 
with the return-flue; the front doors are opened and glowing coal is spread over 
the surface to kindle the dust, which burns for 5 to 6 days. The heat generated 
by the oxidation of carbon and metallic sulphide is sufflcient to sinter a large 
part of the dust sufliciently to permit its being handled by shoveling. It is 
shoveled into wheelbarrows and sampled at the same time by fractional 
selection. All laborers having to work with dust are required to tie a shower 
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bath after the work is over, to change their clothes, and are forbidden to eat 
their meals with dirty hands. 

During 8 months of 1911 there were smelted 254,794 tons charge; there 
were recovered in the bag house 1124 tons fume, or 0.441 14 per cent, of the 
weight of charge. Table 103 gives the distribution of metals in charge and 
fume, and Table 104 partial analyses of raw and sintered fume. 


Table 103. — Distrebl’tiox op ^Metals ix Charge axd Fume 

; Ounces Au Ounces Ag Pounds Pb Pounds Cu 

Total metals in charge smelted... I 17,319.854^3,472,681.90 50,079,080.00 1,834,355.00 

Total metals in 1124 tons fume i 16.754. 2,948.35 638,861.00 1,295.00 

recovered. | j 

Per cent, of metal in charge re- ! 0.097! 0.0S5 1.276 0.071 

covered in fume. ' | 

:Oz. per ton- Oz, per ton , Per cent. Pb Per cent. Cu 
Assay of the 254,794 tons of charge! 0.06S; 13.629 9.S27 0.36 


T.ABLE 104. P.ARTI.AL ANALYSES OP RaW AND SlNTERED FuME 


^ i Per Per Per 

Ounces ; Ounces 1 

Per 

Per 

Per 

Per 

i . Atr 'cent. cent. cent, 

per ton; per ton 

cent. 

cent. 

cent. 

cent- 

Za 


As 

Fe 

Assay and analysis of the 1124 0.0149 2.62 2S.420.05S 2.9 

tons raw fume recovered. ' ^ 

3-2 

S-2 

36.6 

3-1 

Assay and analysis of sintered ; 0.014 ! 2.4 27.3 0.05 2.5 

fume. 1 : ; ; 

4.2 

4-2 

33 5 

5 - 2 


The cost of all operations of the bag house for 4 years and 8 months is given 
in Table 105. 


Table 105. — Recovery op Fume, Etc., and Cost op, for Entire Oper.ation or B.ag House, 
JtJXY 7, 1907, TO Feb. 29, 19x2 



Charge smelted 

Fume 

recovered 

Assay per ton 
fume recovered 

Per cent, 
of charge- 
contents 
smelted 

Value of 
metals 
recovered 


1,666,857 tons 
256,874.986 oz. 
24,725,274.19 oz. 
354,693,161 lb. 
16,521,715 lb. 

137857,64s lb. 

IZS -595 0Z- ; 
14,885.62 oz. 1 
4,492,288 lb. 
1,947 lb. 


0.4x5 

0-049 

0.063 

1.269 

0.0118 

i 


Gold i 

0.018 oz. per ton 
2- 15 oz. per ton 
32.4 per cent. 

$2,587-10 
8,028. 25 
141,745.02 
330- IS 

Silver 

Lead i 

Copper. . . 

Total 


$152,690.52 



i 
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Operating expense 


Outcome 


Labor 

Motive power 

Supplies and repairs . . 

Total . 


$16,440.05 Treatment charge 6929 tons at $10.00 : $69,290.00 

13,542.10 Operating cost ! 76,853.43 

46,871.28 ; ; — _ 

Total cost : $146,143.43 

^76,853.43 Value of metals recovered j 152,690.52 


Gain for 4 years and S months , 


$6,547.09 


The statement in Table 105 shows an apparent gain from the installation 
of the bag house in 4 3'ears and 8 months. But the figure does not include 
interest on original investment, nor a fair percentage for amortization. If 
these two things are included, as they should be, the apparent gain is changed 
into an actual loss, as showm in Table 106. 

T.itBLE 106 . — Profit .\^T) Loss op Operation 


Gain in 4 years and 8 months $6.547 .09 

6 per cent, interest on cost of $127,194.89 for 4 years and 8 months. . $35,6x4.57 
S per cent, amortization for 4 years and S months 29,678 . 80 65,293 .37 


Net loss in 4 years and S months $58,746.28 


If the AS2O3 in the fume were recovered, the loss of $58,746.28 would be 
reduced by $34,654.00, but there would still be a net loss of $24,101.28. 
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the building to a pipe from which a row of bags is suspended. This has been 
discussed in §2oS with the Murray bag house. 

Shaking by hand has been replaced in one instance b%’ the electric device 
shown in Fig. 454. In the bag house each row of bags is suspended from a ^ 4 - 
in. gas pipe supported at 4-ft. distances by light rod-hangers which permit the 
pipe to have a pendulum motion in the direction of its axis. The pipe projects 
through the bag house w’ali at one side and ends in a soft-iron plunger which 
moves in a compound solenoid mounted on the wail. An intermittent current, 
transmitted alternately to each end of the solenoid, causes a reciprocating mo- 
tion in the plunger and pipe which produces a wave-like motion in the bags 
and detaches the dust. The current is supplied through a single contactor 
in the fan house. The bag house has 84 rows of bags and therefore S4 solenoids; 

July 1 ‘jIC 

TemjKniture of Gas 


Horae Vata Uctjulred ' 
derate Fan 


SifflaJ if... 
aiiKu Sq.rt, 
liOUtd. Cift. 


each solenoid is placed in circuit by throwing in a knife-switch. The bag house 
record for July 1916 is given in Fig. 455. The bags are shaken whenever the 
gauges show a pressure above normal, usually about every 2 hr. A uniform 
flow of gas to each pit is obtained by keeping the difference in pressure between 
flue and pits as constant as possible. 

21 1. Bag Filtration at Midvale, IJtalid — At this smeltery the smoke, both 
from the roasters and blast furnaces, is passed through the bag house before it is 
allowed to escape into the open. The gases from the roasting division, which 

Ingalls, Eng. Min. J., 1907, lxxxiv, 527, 575. 

Brinsmade, Mines and Minercds^ xvni, 216- 

Benedict, Min. Worldj 1908, xxrx, 633. 

Rice, Mines and Methods, 1909, i, 9. 

Palmer, Eng. Min. J., 1909, uocxix, 853. 

Anderson, Tr. A. I. M. B., 1914, xrix, 570. 

Attstih, Min. Se. Press,; 746, 

. > Private notes, 1917. : L, .N 


Totul XumUr of Pits f S'» o's"" V 14 ITatsLl FUteria? A«» 

i2 Hi Jh J 

Numljtir of Pits Used W 

Total Nuiul.« of E«gs ( is'i 30 ) tUSO Cu.Fu of G»s IlaaCed pa Mji. 

SumUr of Engs CMi ISO*-) &;.Ft. FEtcrii^ per Co-Ft. oi 

G«» i*r Mituu 

Fig. 455. — Bag house record. 
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contom more SO3 than is permissible in bag filtration, are neutralized bv 
treatment with ground lime and zinc ozide in the Sprague process- the « ^ 
from the blast furnaces are filtered direct. A sketch of the filterine 
given in Fig. 456. The roasting division contains Wedge roastina*ki 
pot toasters, I, and Dwight-Lloyd sintering machines, g. The eases fm 
Wedge kilns pass into fluey, which has at one end thf lime-fee^d s fs( 

g^ses into flue k, which’is provide 
mth the hme-feed, 1; both flues, y and k, terminate in the main flue which 
abo receives the gases from the Dwight-Lloyd sintering machines trough 

j. O I BlutFimiKienne 


d’ 

Coulew 

OoMeneelci d'* 

-OTIP^ 

1 

d‘" 

i 

1 


• / 

Ki»»lef£aiiiao« 

Bae-Himse 

0 



Fig. 456.— Filtering plant, Midvale, UtaF. 


dbtribSL S<»^^“drs, g", into th 

flue, g, and thence into the roaster bag house, f, 

fnr^e ^ “ tte blast 

The blast furnace bag Iwuse is shown in Figs ak7 and acS Tt ?c t , u • 

0 «g, 23 ft.zin.wide,and 33 ft. 6 in.higji. W pfrt, dust 
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is enclosed by brick walls; the upper part, bag chamber C, is a wooden frame- 
work with studs, 2 by 8 in. at 35-in. centers, and 2 by 8-in. girts spaced for 8-ft. 
corrugated iron with 6-in, laps, 'which is nailed on the outer side. The inside 
is lined with 36-in. asbestos sheets, } s iii. thick, nailed with i-in. laps. The 
inclined outlet flue, D, is of similar construction- Both studs and girts are 2 by 
6 in. and spaced at 24-in. centers; three sides are lined with tongued and grooved 
boards, and the whole is encased with No, 22 copper-coated sheet-steel. It ends 
at the base of a self-sustained brick-lined steel stack, 16)2 ft. inner diameter 
and 210 ft. high. 



The thimble-floor, of steel, carried by 12-m. I-beams, has 2400 

thimbles, 1 1 in. in diameter and 10 in. high, w’hich serve a corresponding num- 
ber of bags, 12 in. in diameter and 34 ft. long, made of 42-in. canvas, double- 
sewed with i-in. laps, wired at the bottoms and suspended at the tops from 2-in. 
pipes, which are kept in place with 2 by 6-in. spacers. 

The bags have a filtering surface of 324,000 sq. ft., which, -wnth 60,000 cu. ft. 
gas per min., corresponds to 5.4 sq. ft. area per cu. ft. gas per min. 

The dust chamber is divided by four walls into five compartments or bays, 
each provided -with inlet-pipe for admission of gas, and exhaust-pipe for creat- 
ing a vacuum; both are controlled by disk- valves. The bottom of a dust 
chamber is V-shaped with iron sides placed at an angle of 50°. In the trough 
is a helical screw, which is connected by means of a clutch with a motor-driven 
counter-shaft, and delivers the dust to the discharge-opening of a bay, placed 
under the division wall, whence it drops into a car. 

The blast furnace gases are collected in the main brick flue, from which a 
i2-ft. elbow leads them to a i2-ft.,baUoon flue, 127 ft, long (a, Fig- 456) ending in 
the fan house, c, with lime-feed, b. The gases enter the distributing flue through 
a 7-ft. pipe and from this enter the five compartments to ascend in the ba^. 
The finely divided liirip settles on the bags and forms a profcwrtive coating- 
JL^ving the bags, the ge^es to the top of the dtoatoer, sue diiwted down- 
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ward by deflectors into flue D (Fig. 458), through which they travel with a 
speed of 9 ft. per sec. 

Once a shift the inlets into the dust chamber are closed and the exhausts 
opened which connect with the exhaust main, x, and through this with the 
balloon flue on the exhaust side of the fan. The pressure in the bags, usually i 
to 2 in. water, is replaced by a slight vacuum; the bags collapse and loosen the 
dust which has collected on them. About 5 minutes is allowed for the dust to 
drop into the dust chamber. The operation is repeated two or three times. 
This method of detaching the dust is not as efficient as shaking by hand or 



Fig. 458. — Blast furnace bag house, Midvale, Utah. 

mechanical means, but it prolongs the life of a bag, as the alternate deflations 
and inflations are less severe on the filtering cloth. Once in several days the 
bags are shaken by hand in order to make up for the deficiency. Any dust 
accumulating on the V-shaped sides of the dust chamber is released by jarring 
with a hammer or a bar. 

The bag house for the roaster gases has the same construction as that of 
the blast furnace dividon. The advantage of this construction, besides its 
low cost of $140,000, is that there is little condensation of moisture as compared 
with a brick budding, and consequently less corrosion. 

Ihe flue-dust from the roaster gases carries 35 to 42 per cent. Pb, 9 to 16^ per 
cent. As, and 10 or. Ag pex tx>li- it is briquetted, the lime furnishing the aec^'»y 
bond, and goes to the blast f umaoe The flue-dust from the blast 
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contains 1 8 to 22 per cent. Pb, 35 to 45 per cent. A5..tO.'t,and less than i oz, Ag per 
ton. It goes to the arsenic plant, and the residue from this back to the blast 
furnace. The As-content of the dust must be kept below 45 per cent., as other- 
wise the dust on the cars will tend to burn on its way to the arsenic plant. The 
dust in the hoppers of the chambers is kept cool by air circulation, but must be 
removed frequently, as otherwise it will ignite. 

212. Sprague Process.^ — This process aims to neutralize SOain furnace gases 
by combining it with CaO and ZnO so that the gases can be tillered through 
bags without corroding the cotton or woolen cloth of which they are made. 
Lime is less effective than zinc oxide, but being the cheaper reagent is ordinarily 
used when the gases enter a flue; zinc oxide is introduced at a later stage to finish 
the work left uncompleted by the lime. Both CaS04 and ZnSO^ do not attack 
cotton or wool. As the union of CaO and ZnO with SO3 is satisfactory only at 
temperatures below 120° C., the gases have to be cooled before neutralization 
may be used. 

Gases from lead blast furnaces do not contain a sufficient amount of SO3 to 
affect filter cloths. Gases from lead-matte converters contain sufficient PbO 
during the slag-forming stage to neutralize any SO3 which is formed; this is not 
the case during the blister-forming stage, hence they have to be diluted with 
false air before they can be filtered. Gases from roasting and blast roasting 
processes cannot be filtered without having been neutralized. 

The places at wffiich CaO and ZnO are ordinarily introduced at the tops 
of the flues carrying the gas-currents at Midvale, Utah, is shown in the plan- 
sketch, Fig. 456. 

The lime-feeder of Midvale is showm in Figs. 459 and 460. The feed-hopper, 
12^2 t>y 9M 3 ft. long, delivers burnt lime through a port (with opening 

regulated by a gate) on to an endless belt which discharges into a hopper at- 
tached to the top of the gas-flue. The lime is ground through an So-mesh 
screen and slaked with sufficient water to make it fluffy, as in this form it 
combines readily with SO3. As it has a tendency to pack, the feed-hopper 
receives per minute between six and seven vibratory shocks from an upright 
pendulum which is throwm first to one side and then to another by means of two 
pins on a triangular plate, pivoted at the center and rocked to and fro by a 
connecting rod. The rod is attached to a crank-pin placed eccentrically on a 
spur-gear, and this is driven by a pinion-wffieel on one of the shafts of the endless 
belt. The apparatus feeds per hour 240 Ib. lime to a roaster treating in 24 hr. 
270 tons sulphide ore containing 35 per cent. S. 

Zinc oxide is prepared by treating blende mixed with 30 per cent, fine coal 
on a Wetherill grate or similar grated furnace. The oxide-laden gases are drawn 
into the flue, where they. become intimately mixed with the gases traveling 

^ Sprague, Jfw- Sc.^ 1908, Lvn, 53; Min. Worlds ^909, xxxi, 353. 

Rice, Min&s and MetkodSf 1909, i, 9. 

fibaugfe, J. Ind. Eng. Ckem., 1909, i, 686 ; Eng. Min. 1909, txxxi'in, 1020. 

' 1910, ocsoax, 53E9. 
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through It. The roasting charge is made up in such a manner that the roasted 
ore shall show an alkaline reaction of not less than 5 per cent.; this means that 
there must be present in the ore more than 5 per cent, available CaO when it 
is analyzed for CaO, ZnO, and SO3, and when the CaO and ZnO are figured 
as being present as CaS04 and ZnS04. 




Figs. 459 and 460. — Lime-feeder, Midvale, Utah. 


TT. ®®f^^°^’®*“®'’®^“®etailsofthebaghousesatMurrayan(iMidvale, 

Utah have been given in §208 and 210. There are certain features which are 
found m ev^ bag house, and others which are not contained in the preceding 
discussion; these are taken up here. 

. ® horizontal partition, 12 to 16 ft. above the main floor, 

which dmd^ the house into the upper filter chamber, 30 to 40 ft. high, and the 
ower dust ch^ber, 12 to 16 ft. hi^. The horizontal partition or thimble-floffl-, 
IS usuaUy made of sheet-steel, but sometimes of reinforced concrete as at Sdby, 
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Cal.^ It carries from 3000 to 4000 thimbles® over which are slipped the bags 
to be tied with twine, wire, or strap-clamps. The dust chamber is divided into 
a number of compartments or cellars, each of which is connected through a port, 
pro\dded with a closing valve, wdth the gas main. The partition of every third 
or fourth bay may reach to the roof, or only to the thimble-floor as do the 
others. In the former case, each filtering compartment has a separate sheet-iron 
stack to carry off the filtered gases; in the latter, the gases from the entire 
chamber are drawm off through a single flue, close to the roof, leading to the stack. 
The more quickly the gases are withdrawn, the better for the life of the bags. 

A fan capable of moving from 150,000 to 250,000 cu. ft. gas per min. draws 
the gases from the furnaces through cooling and settling flues, 1000 to iSoo ft. 
in length, and delivers them at a temperature of about 70® C. to a distributing 
flue, from which ports extend into the cellars of the bag house. The pressure 
of the gas is from i to 2 in. w^ater; higher pressures give greater filtering capacity, 
but shorten the life of a bag.® 

The bags, 3000 to 4000 in number, are usually 18 in. in diameter and from 30 
to 33 ft. in length. The filtration surface offered is about 3,! 2 sq. ft. per cu. ft. 
gas per min.; it does not go below 2}^ sq. ft.^ and does not exceed 5 sq. ft. In 
regard to blast furnace tonnage, it is the usual custom to provide from 300 to 500 
sq. ft. surface per ton charge smelted in 24 hr. At Midvale, Utah, there are 
provided 25,000 sq. ft. filtering surface per ton of fume collected per day. 

The bags are made of cotton and of w’ooL Cotton cloth has from 30 to 40 
strands per linear inch depending upon the character of the fume to be filtered. 
According to Iles,^ cotton bags become slightly colored at 100' C., but are not 
weakened; slightly browned at 125° C. wdth strength appreciably altered; 
much browned at 150° C. and decidedly wreakened so as to tear easily. If 
in cbntact with acid fume of the filtered gas at temperatures of 35 to 40° C., the 
cloth is rapidly attacked. 

Woolen cloth, owing to the longer nap, is of a coarser w'eave than cotton, 20 
strands to the linear inch; it retains its elasticity at temperatures as high as 
1 20 and 130° C. and resists slightly acid fumes at 65 to 80° C. Gases with a tem- 
perature of 132° C. have been safely filtered. Wool is less attacked by acid than 
is cotton, and especially when the wool is allowred to retain its natural grease. 
When scoured wool is used in the manufacture of cloth, the grease is added 
later. Although a woolen bag at Murray (page 445) cost nearly 2.2 times as 
much as one of cotton, the longer life of the former more than makes up for the 
extra expense. 

Alexander® made exhaustive tests on the critical temperatures of cotton and 
woolen bags. He found that the strength of cotton begins to decrease on ex- 

1 Bennet, Eng. Min. J., 1908, ixxxvi, 451. 

* Details: Alexander, Tr. A. J. M. JS., X914, xixx, 563. 

» Anderson, Tr. A. I. M. E., 1914, xXEsc, S7i* 

* Anderson, t 4 )c. cU., gives 1.6 sq- ft. 

* ''Dead Smelting,” p. aiow 

* Tr. A. I. M. JE., 1914, sxix, 
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posure of 48 hr. to 100° C. (see lies, above), whereas with a woolen bag the same 
takes place only after 96 hr. at 135° C. A i-hr. treatment begins to show its 
effect on cotton at 126® C., and on w'ool at iS8°. The following is his specifi- 
cation for woolen cloth: ^‘The weight is to average 12 oz. per yard, and the 
tensile strength is to be not less than 21.5 lb. per linear inch. The test pieces 
are to be square, 3.5 in. on a side, and pull is to be against the warp. The 
fabric is to contain not less than 85 per cent, wool fiber, estimated by taking 
the difference between 100 per cent, and the sum of grease, dirt, moisture, 
burrs, and cotton fiber, and to be practically free from vegetable matter of all 
kinds. The weave is to be 22 ends by 20 picks per inch.” 

At Pertulosa, Italy, ^ 17,700 cu. ft. gas of 70 to So° C. are filtered through 10 to 
12 frames 01430 to 592 sq. ft. with vertical threads of asbestos. The collected fume 
is dislodged b}’ releasing the tension of the threads and vibrating the frames. 
This filtering medium of L. B. Fichter appears to be better suited than wool 
for gases of higher temperatures (150 to 200° C.) and of greater acidity. How- 
ever, asbestos is not as resistant to acid fumes as is generally believed. 

Hanging and shaking of bags shoTvs a variety of procedures. The methods 
used at IMurray (page 445) and Tooele (page 422) for hanging represent two 
characteristic examples of modern practice. 



Figs. 461 and 462. — Bag-shaking device. Globe Works, Denver, Colo. 


Shaking bags to dislodge adhering fume used to be done by hand. The 
men have to be protected against fumes and gas by rubber suits, helmets, and 
supplies of compressed air. Shaking by hand, while more effective than by any 
mechanical device, has been given up in most plants, as it is slow and a very 
disagreeable piece of work. The mechanical device in use at Murray has been 
given on page 445. 

The shaking device of the Globe Works, Denver, Colo., is similar to that in 
use at Murray. In Figs. 461 and 462,* a row of bags is suspended by hooks 

* Min. J., 1907, ixxxi, 665. 

* AleacaiMler Tr. A. I. M. K., 1914, xux, 568. 
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fron? a 2-m. pipe, which in turn is carried by hangers about S ft. apart and 21 in. 
long. The ends of a pipe pass through the walls in cast-iron spools with holes 
sufficiently large for the up-and-down movement caused by swinging on a 21-in. 
radius. The ends of a pipe carr3" collars on each side of the cast-iron spool set 
for an 8-in. stroke. One end of a pipe carries a lever which, when pulled quickly 
back and forth, gives the bags an up-and-down as well as a back-and-forth 
motion, and, on coming up sharps against the collars, produces a sudden jar 
which assists in dislodging the fume from the bags. After shaking, the pressure 
inside the bags is lowered by 0.15 in. water. 

The method of Benedict^ aims, in shaking, to give the bags a motion similar 
to the one at the Globe Works. It was in use at Midvale, Utah, and is found at 
present at Selby, Cal.,^ the swing bars being carried instead of being suspended. 

The reverse-current bag-shaking system at Tooele (page 422; and Midvale 
(page 452) has been discussed already. 

214. Electric Precipitation. — Cottrell Process. — The precipitation of fume 
by means of electrostatic charges, though tried in a number of instances, became 
an industrial success only with the Cottrell process,^ in which a high-potential 
unidirectional intermittent current is passed from discharge-electrodes (silent 
or corona or glow discharge) through an air-space to collecting-electrodes. The 
air becomes ionized, particles of the electriciU’ of the sign of the discharge- 
electrode flow to the collecting-electrode. The suspended particles are bom- 
barded by the ions which attach themselves to the particles and give up their 
charges to them. The particles gather sufficient electric charge to move under 
the force of the electric field, and travel toward the receiving-electrode and are 
deposited, while the gases pass off unaffected. The speed of travel is proportional 
to the potential between the two poles, and the conductivity’ of the air. The 
source of electricity is an alternating current, usually taken from a commercial 
line. It is transformed in a stationary transformer to the desired voltage, 
ranging from 15,000 to 50,000 volts, and then changed into an intermittent 
direct current by means of a special rotary contact-maker driven by’ a syn- 
chronous motor. 

The air from furnaces usually contains sufficient SO3 or H2O to make it 
conductive. Should this not be the case, it may be necessary to inject a fine 
spray of water, as was the case with Howard/ during the slagging stage of 
matte-converting (§186). 

In lead works the process has been applied at Trail, B. C., for blast roasting 
and blast furnace gases; at Garfield (§185-187) and Tooele, Utah (§x88 and 

^ Min. World, 1908, xxrx, 633. 

* Benedict, Eng. Min. 1908, ixxxv'i, 451. 

* CottTAl,J.Ind.Eng. Ckem., i9ii,m, 542; Min.Sc.Press, 1911, cm, 255, 286; Eng. Min. J,, 
igii, xcu, 763; Tr. A. I. M. E., 1912, xunx, 512, ysSi ^f^ltksonian Report, 1913, pp. 633-685 
(Publication No. 2307); abstract, Min. Ind., 19x4, xmi, 867— S99; Proc. Am. Inst. Elect. Eng., 
1915, XXXIV, 625 (incL Mblk^miAy). 

Bradley, fee. cit., p. 523. 

Cottrel, jEw|r* Min. J., 1916, a, 385 Chici. bibliography) » 

* Tr. A. /. M., 1914,^ §45^ ' 
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189), for converter fumes; at Newark, N. J., for gases from silver furnaces ; and 
a number of other places. 

At Trail, B. C.,^ the wire-discharge and pipe-collecting system (multiple 
treater), first used at Garfield, was installed in 1915 for the recovery of dust and 
fume from the blast roasting, smelting, and converting divisions. A side- 
view and cross-section of the multiple treater for blast furnace gases are shown 
in Figs. 463 and 464. The building is an elevated steel structure with central 
concrete flue and six treater-sections on a side (at present increased to nine) . 
A treater-section has 32 grounded, cast-iron pipes, 5 in. apart, which are 13 in. 
outer and 123’^ in. inner diameter (the largest practical size), and 18 ft. long, 
A pipe has a central No. ii cow-chain (the No. 10 log-chain formerly used, 
stretched and filled mth dust) which receives a current of 0.2 to 0.3 amp. at 
550 volts. The plant treats per minute 160,000 cu. ft. gas, of a temperature 
of about 180° C., which travel with a velocity of from 5 to 7 ft. per sec. The 
clearance under these conditions is not satisfactory, as the temperature is too 
high, and the velocity too great. It is the intention to reduce both, the latter 
to 4 ft. per sec. The pipes are exposed to the air, which causes the outer sec- 
tions of the pipe to be cooler than the inner. As this interferes with 
uniformity of w^ork, the apparatus is to be inclosed. 

The gases arrive from the blast furnaces in the central concrete flue. From 
this, ports lead into the hopper-shaped bottoms of the sections which act as 
receiving and distributing chambers. The dust adhering to the pipes is dis- 
lodged at stated intervals by tapping the pipes with a hammer; it collects in 
the steel hoppers, and is discharged frequently so as not to reduce the volume 
of the receiving chamber. The purified gases enter two balloon flues, which 
are combined into a single flue leading to the stack. It is the intention to con- 
nect each treater chamber separately with the main exit flue so as to permit 
close regulation of the speed of travel by means of dampers. The require- 
ments for satisfactory work appear to be uniformity of volume, temperature, 
speed (4 ft. per sec. and less), and composition of gas, and of amount of suspended 
particles. Any change in these five conditions requires special adjustment. 
The fume collected in the treater is mainly lead sulphide with 60 to 70 per cent. 
Pb. 

The work of Garfield has been noted on page 415. 

At the Tooele plant, the multiple precipitator treats per minute 135,000 cu. 
ft. gases from the Bwight-Lloyd sintering machines in 880 pipes, 12 in. inner 
diameter and 15 ft. long; the speed oi gas is 4.3 ft. per sec.; the temperature is 
governed by the amounts of arsenious oxide present. 

The mult%)le treater of the Balbach Smelting and Refining Co., Newark, 
N. J., is small, as it is reserved for the gases from the silver furnaces (§288). 

Attention may be called to the electric precipitation of fume at the works 
of the Raritan Copper Co., Perth Amboy, N. J- Here the anode mud from 

^ Guess, Canad. Min. J., 1915, xxxvi, 37. 

Ann. Report for 1905, MinUer of Mines, Victoria, B. C., 1916, 5, p. 79. 

Private notes, 191:6. 
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the electrolytic copper refinery^ after having been freed from copper, is melted 
and fire-refined in reverberatory furnaces. The fume-laden gases are scrubbed 
and then drawn through two electric precipitators placed in series.^ 

215. Wet Condensation. 2 — In the collection of flue-dust and fume by wet 
methods, the gases have been drawm tiirough water,® and forced through one or 
more horizontal filters^ provided with sprays of water which carried down dust 
and condensed vapor. They have been drawn through wetted towers filled with 
coke, pebbles, brushwood, faggots, etc.,® or provided with horizontal staggered 
shelves,® or mounted with gable-shaped sheets of lead.^ Sprays of water have 
been introduced into the current of hot gas in amounts sufficient to form mist 
or fog which would cool the gas and saturate floating particles so that they might 
settle when subjected to special cooling influences.® None of these methods 
have been sufficiently effective to warrant their use in lead plants in the United 
States. In Europe, on the other hand,® wet condensation is not uncommon.^® 
The fact is that while wet methods can and do remove dust from gases almost 
completely, they are not efficient with fume. The Feld gas washer, e.g.; has 
recovered n a lead plant 99 per cent, of the dust. They are common with iron 
blast furnaces for freeing gas from dust;^^ whereas dry filtration and electric 
precipitation are at present the only effective methods available for fume. 

216. Treatment of Flue-dust.^® — The question of the best manner of recover- 
ing values from flue-dust with little loss and cost is difficult to answer, as the 
treatment is governed by a variety of conditions. 

The treatment of flue-dust from the ore-hearth has already been discussed 
(§70 and 72). There remains to be considered the dust from blast furnaces 
and from roasting, blast roasting, reverberatory, and converting furnaces. 
Blast furnace dust is likely to contain metallic sulphides and carbonaceous 
matter; dust from furnaces in which oxidizing operations are carried on is com- 

^Hofman, “Metallurgy of Copper,” 1918, p. 518. 

* French, Eng. Min. J., 1880, xxrx, 49, 84, 

lies, School Min. Quart., 1895—96, xvn, 103. 

* Ellers, Tr. A. I. M. E., 1874-75, in, 310. 

‘Percy, “Lead,” 1S70, p. 442. 

® Failize, Rev. Univ. Min., 1S62, xi, 367. 

‘Hes, loc. cit. . 

’■Richter, Freiberg. Jahrb., 1889, p. 57. 

Berg. Buttenm. Z., 1S90, xux, 129. 

Eng. Min. J., 1890, xixsc, 196. 

l>ooIittk- Jarvis, Tr. A. I. M. E., 1910, xli, 709. - 

* Ferraris, Oesi. Zt. Berg. HUUenw., 1905, rra, 455; Eng. Min. J., 1905, lxxx, 783, at 
Monteponi, Sardinia. 

Wynne, op. cU., 1909, ixxxvxn, 602, at Neudorf, Harz Mountains. 

* HebeiMn, F., MdktU. u. Erz., 1913, x, 716. 

England: Rocsiiig, ZL Berg. HMUm. Sal. W. i. Pr, 1888, xxxvi, 103. Austrian Report 
of the “R. R. Aihettsstatistisc&es Anat im Handesnoinisteriuni” upon Bleivergiftungen in 
HiittenmSnnischen imd GewerfeBchea Betrieben, Holder, Vienna, 1905—1913, pts. 1—8. 

Met. Ckem. Mmg., 19x2, x, 436, 1913, xi, 399. 

Hofman, “General 19x8, S64- 

Bes, Eng. Mim. X, 1886, xa, 74^ 9^ 3:48. 
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posed of oxides and is free from carbon. Many suggestions have been made 
and various methods tried for treating flue-dust. 

1. Wetting. — ^To wet flue-dust and put it back into the furnace is of no use, 
unless it contains some anhydrous soluble sulphate, beause when dry it wall 
simply be blown out again. The anhydrous salt takes up water, crystallizes, 
and binds together the particles of dust. The only sulphate of any importance 
in flue-dust is ZnS04, which at 720° C. is converted into 3Zn0.2S03, and the 
latter at 767° into ZnO. Flue-dust containing from 1 to 2 per cent. Zn will 
harden easily when moistened. This is especially the case with the light- 
colored dust from roasting furnaces. The finely divided carbon in the blast 
furnace dust hinders this hardening to some extent. Bv mixing the two, 
satisfactory bricks can be obtained. An analysis of such a brick gave Liv- 
ingstone: SiOa I7-I, Fe 9.6, S 8.7, Zn 3.0, Pb 2S.4, CaO 2.8 per cent. An- 
other sample of bricked dust gave Dorr 3.04 per cent. ZnO. Treatment with 
water gave SO3 0,35, Zn 0.04 per cent.; with ammonium sesqui-carbonate 
SO3 1.70, ZnO 0.04 per cent.; with acetic acid SO3 trace, ZnO 0.04 per cent. 

The binding property of zinc sulphate w’as observed by the writer many 
years ago while roasting blende-bearing galena to extract by leaching the 
ZnS04 formed. After removing as much of the zinc as was possible, the residual 
ore, when dry, became so hard that it required strong blows with a sledge to 
break it. But the ore retained more than i or 2 per cent. Zn. 

Hahn^ found that flue-dust mixed with a solution of ferrous sulphate and 
formed into bricks (by hand), hardened sufficiently when sun-dried so that it 
could stand much handling. Perhaps an addition of slaked lime might prove 
useful, as it precipitates the ferrous oxide, which, on being exposed to the air, 
becomes peroxidized and forms hard lumps. 

2. Briquetting. — A favorite method of compacting flue-dust is to mix it with 
lime and form it into bricks which when hardened are added to the furnace 
charge. Formerly from 8 to 10 per cent, of slaked lime Tvas used and the 
bricks were made by hand. Cahen- gives an example of mixing flue-dust (wnth 
44 per cent. Pb) and slaked lime. The bricks formed were smelted alone in the 
blast furnace with 74 per cent, of slag, and only 9.60 per cent, of the Pb charged 
was lost. More recent examples are those of Port Pirie, N. S. W.,^ and Santa 
Fe, N. 

Considerable advances have been made in recent years in the bricking of 
flue-dust; they consist mainly in not bricking it alone, in the use of machinery, 
and in burning the bricks. 

It has already been stated that blast furnace dust containing zinc sulphate 
will not harden as readily as that from roasting furnaces, on account of its carbo- 
naceous matter, and for the same reason a binder, such as lime, added to it will 

^Min. Res. U. S., 1882, 344. 

* “M^taHurgie du plomh,” li^e, 1863, p. 102- 

* Howard, Tr. Amtral. InsL Mm, 1:903, ix,* 106. 

Beipcat, op, oH, 190-7, xn, 15, Mim. 1907, jlxowhi, 317* 5 ^ 1 - 

* Tr, ImM, s®- * 
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not act Weil. Hence more lime will be required for blast furnace dust than for 
roaster dust. Going a step further, the binding power of lime for roaster dust 
will be about the same as that for raw ore of the same degree of fineness and 
content of sulphur, as of course pyritic ores rich in sulphur, e.g., concentrates, 
cannot be bricked, because upon heating they will fly to pieces. If, then, ore 
crushed to pass a limiting sieve of say 2 meshes to the linear inch be mixed in 
with fine ore and flue-dust, the additional advantage is gained of the angular 
shape of the crushed ore, which will require less lime for binding and will dry 
more satisfactorily on account of the mass of capillary spaces between the crushed 
dry ore, the moist flue-dust, and the cream-like binder. When the brick is 
being dried, either in the open air under sheds as at El Paso, Texas, ^ or addition- 
ally in a heated chamber, it will give up its water readily and on account of 
its porosity shrink -without cracking. When charged into the blast furnace, 
part of it will again faU to pieces, but to a much smaller extent than if the flue- 
dust had been bricked alone with a high percentage of lime. If the dried brick, 
before charging into the blast furnace, is burned in a kiln, it wiU, when the 
temperature has been raised to the point where carbon and sulphides begin to 
roast, burn readily, and the heat generated will cause the lead or matte to cement 
together the single particles of a brick to a solid mass. This gives the explana- 
tion for the present practice of bricking fine silicious ores with from 2 to 5 
per cent., or on the average 3 per cent., of slaked lime and 20 per cent, or more 
of flue-dust, to frit together the single particles when exposed to heat. With ores 
having a clayey gangue, or with roasted ore or roasted matte, no addition of 
flue-dust is necessary, if the bricks be kiln-burned; they -will frit together, form- 
ing solid bricks and often as much as 50 per cent, of the S of the raw material 
will have been eliminated. With silicious ore free from sulphur, from 2 to 3 
per cent, fine coke is added to the mixture to furnish the fuel necessary for 
burning in the kfln. 

The bricks consisting of silicious ore and flue-dust weigh about 8 lb. apiece, 
those from roasted sulphide ores or matte about 12 lb. 

In order to brick ores satisfactorily and cheaply with a small percentage 
of lime, it is necessary to subject them to pressure, which requires machinery. 
Of the different forms of brick presses which have been used, the Chisholm, 
Boyd, and White Mineral Press® is the machine that has outlived the others in 
lead plants. The main parts of this machine, shown in Fig. 465, are a roller 
mill and a molding disk. The pan of the mill is 7 ft. in diameter and is lined in 
the path of the rollers with chilled iron plates; the rollers are 48 in. in diameter, 
have a lo-in. face, are provided with removable chiUed iron rings, and weigh 
5000 lb.; a crossrbeam keyed to the driving spindle carries a plow at either end 
wMch turns over the bricking mixture from both sides of the rollers into their . 
paths. The mold-disk is a cast-iron plate, 5 ft- in diameter and 2}^ thick, 
having two rows of circular holes or molds (4 in. in diameter at the top and 

* Vail, Mng. Mm. J-, 1914, xcvin, 465. 

Easter, Tr. A. I. M. i^S, in, 721. 

* CMsholm, Boyd, aad ’White Co., Chicago, BL 
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slightly larger at the bottom), pivoted at the center. Its movement is effected 
by a radial arm journaled at the center and attached at the outer end to a 
pitman connected with a crank-gear. The arm has a round steel pawl, which 
drops into one of the holes, and two plungers. As it is pulled forward, the pawl 
draws the disk around 15° and the pitman forces the two plungers into the 
molds, pushing out a pair of briquettes on to a slow-moving endless belt. WTien 
the crank-gear again reaches its first position, the pawd drops into the next hole, 
and the plungers force out a second pair of briquettes and so on. The movement 
of rollers and disk is so adjusted that the rollers will travel 20 times over a 
pair of molds during their passage through the pan, thus firmly compressing 
the flue-dust mixture. 



Fig. 465. — Chisholm, Boyd and tVhite press. 


The machine occupies a floor-space 9 ft. 6 in. by ii ft. 6 in., and is 6 ft. 2 in. 
high; it weighs 27,000 lb., requires a 28-h.p. engine, and has a capacity of 4200 
bricks (4 by 23-^ in.) per hr. It requires two men at the pan, from two to 
four carriers to remove the bricks, and one foreman. 

The green bricks received from a machine are loaded on brick trucks, and 
then piled up, rarely in racks, commonly on a covered floor, to a height of about 
10 ft. and are air-dried for from 2 to 3 weeks. Drying chambers are of 
rare occurrence with Western smelting works, although the brick from them are 
much harder than if simply air-dried; with smelting works located in a less dry 
atmosphere the drying chambers may be necessary, especially during the cold 
season. 

TTie burning of the brick is carried on in the ordinary up-draft kilns common 
for burning red-brick. The brick are set up in arches about 30 courses high, the 
arch^ being 20 ft. loi^ and the c^pen pmiion about 9 course high- Six or more 
arches are bnlt ride fey ride. A kiln 80 ft. h>ng, 10 ft. wide, and 20 ft. high will 
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hold about 100,000 bricks. Fires are built in the arches, cordwood being com- 
monly used- It takes from 3 to 4 cords to fire a kiln. The kiln begins to burn 
after a few hours of firing, which must then cease. It burns for 2 or 3 days 
and is pulled down after it has been given some time to cool. Burning bri- 
quettes in kilns was in operation in 1905 at Broken Hills, N. S. W.^ 

The bricking of flue-dust, which with hand-labor and a large percentage 
of lime cost formerly about $2 a ton, has been reduced by the use of machinery 
to from $0.20 to $0.25 a ton, excluding the cost of the lime. 

Lime has probably to-day replaced all other binders. Harbordt^ substi- 
tuted clay, Church^ used pan slimes, others have been successful with cement. 
Very satisfactory brick have been made by Carpenter^ with the waste 
molasses of sugar plantations. Its composition is shown by the following table^ 
in percentages: 


Name of plantation 

Moisture 

Ash 

Sucrose 

Albumi- 


C12H22O11 

noids 

C 6 Hi 20 e 

Calumet 

25.09 

7 -SS 

25-34 

1 .97 

29 . 20 

Calumet 

26.15 

9-35 

26.02 

2.40 

28.93 

Calumet 

25-30 

7.84 

25.92 

2.49 

30.07 

Calumet 

Magnolia 

26.09 

30.37 

7.01 

25.46 

27.6s 

2.30 

1 .92 



The ash is principally lime and contains some potash. According to 
Stubbs,® the fuel value is 37 per cent, of that of average Pennsylvania bitu- 
minous coal (H2O 1.68, V. H-C. 28.43, F. C. 64.05, ash 5.83; calorific power 
3577 Cal. per lb. or 14,200 B.t.u.), i lb. molasses equals about 0.37 lb. coal. 

3. Fusion. — Previous to the improvements made in bricking' the common 
method of treatment was to melt the flue-dust in a special reverberatory furnace 
or in the fuse-box of a hand roasting furnace, where it was added in quantities 
of, say, 100 lb. to the roasted ore. It was charged before the ore was drawn from 
the roasting-hearth, and was thus covered by the roasted ore, so that little 
metal was carried off mechanically. It helped to sinter the charge, but there 
was considerable loss in lead, although little in silver. Murray found that 
removing the finely divided carbon by washing assisted the fusion. 

A charge of 150 tons of blast furnace flue-dust taken from the first 400 ft. 
of the dmt-dhamber of the Globe Smelting and Refining Co. gave, according to 
Iles:’'^ SiO* 16.6, Fe 8.6, CaO 5.2, Pb 27.6, Zn 3-0, S 6.3 per cent., Ag 20.0, and 
Au 0.16 02 per ton. After fusing, it had changed to SiO^ 21.0, Fe 12.4, CaO 
5.2, Pb 37.8, Zn 3-2, S 6.4 per cent., Ag 34-0, and Au 0.26 oz. per ton. 

^ Greenway, Eng. Mm. J., 3905, xxxnc, 73. 

* Private commanicatio-n, 3891. 

* Eng. and Mm. J., 1885, xl, 124; Tr. A. J. M. E., 1886-87, xv, 61 1. 

* Op. cU., 3900, XXX, 768, 

* United States I>qp«rtiBe*it of Agrioiltune, Bnfletim No. 18, tables 53 and 53 bis, 25. 

* The Flmam mtd July 13, 1803, 25. 

* Private coi*imi3akati©ia, iIot. 
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In melting flue-dust in the reverberatory furnace, some lead bullion and 
matte are often formed beside the slag. The three products of a charge gave 
lies the following values: 


Product I Ag, oz. Au, oz. Pb SiOj Fe CaO S Cu A? 

Slag I 21.0 I o.oS 1S.4 22.4 2.C lA; ..... ..... 

Matte ! 160.7 ; 1.54 46. S 15,4 X .4 

Lead bullion i 450 .9 6.12 


4. Blast Roasting . — At Trail, B. C., the flue-dust is removed mechanically 
from hollow^ flues and transferred to iron-plate cylinders, 7 ft. in diameter 
and 10 ft. high, lined with 4 in. of brick and covered with removable conical 
hoods provided with doors and gas-escapes. A cylinder is closed at the bottom 
with a grate, and provided with under-grate blast- It thus resembles a Hunting- 
ton-Heberlein pot adapted for blast roasting flue-dust. The lire is made on the 
grate, the blast is started, and the flue-dust charged gradually. The cylinder 
is then filled in about 3 days, in which time it furnishes from 17 to 20 tons 
blast roasted dust. This is hard on the outside, and resembles on the inside the 
burnt dust of the cellar from a bag house. When the charge has been roasted, 
the hood and cylinder are removed by means of a crane, and the dust is 
transferred to bins from which the blast furnace charges are made up. 

5. Addition to Blast roasting Charge . — Since blast roasting has become such 
an important auxiliary process to blast furnace smelting for the preparatory 
treatment of sulphide concentrates, the practice of adding flue-dust to the blast- 
roasting charges has become very common. Though it is true* that flue-dust is 
not desired in this connection, less so in a Huntington-Heberlein pot than in a 
Dwight-Lloyd machine, ^ it furnishes a quick and cheap method of handling 
this material. It cannot be more unwelcome than flotation concentrates, which 
are being recovered by smelteries in increasing amounts, and have to be blast 
roasted. The fact is that blast roasting practice will have to be adapted to 
meet these new demands. 

217. Losses and Cost. — The losses in smelting are due to slagging or to 
particles of metal being carried off in by-products and not recovered. As has 
already been stated (§131), ore-slags should not contain over 0.75 per cent. Pb 
and 3 ^^ oz. Ag to the ton with 300-oz- bullion; but they often contain over i 
per cent. Pb and about i oz. Ag, and are considered satisfactory. Special 
causes, such as the presence of foreign substances having a deleterious effect, 
may make slags run still higher. One of the main sources of loss is that matte 
remains dissolved in the slag; often, also, pellets of matte do not settle out com- 
pletely. This, according to Hering,* is sometimes due to the oxidizing action 

^Palmer, Tr. A. I. M. E., 1914, xixs, 511. 

* Norton, op. dt., I9i4» xlix, 488. 

* Oest. Zt. Berg. HUMenw.f 1895, xu, 238, 

Sdhertdl, L, “Stedfca fiber eiii%9 VeriastqncHen des Blei- und Kupfer-Hochofen Proc- 
essmC Fre&erg, 1911. 

Wanjufcow, 1912, 3ex. r- 
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that certain slags have, especially if they contain Fe304. These acting upon 
the sulphides set free SO2, which adheres to pellets of matte and hinders them 
from settling. 

The quantity of by-products (speiss, matte, flue-dust) formed has an im- 
portant influence on the output of Pb and Ag, as they have to be retreated, 
which causes an unavoidable loss in metal. It is difficult, therefore, to give an 
average figure of the Pb and Ag recovered in smelting in the blast furnace. 
It may be said that a total loss of from 6 to 7 per cent. Pb represents very good 
work with clean ore, the lead assays being made in the dry way. As long as the 
loss does not exceed 10 per cent., the work may be considered satisfactory. 
The report to the Treasury Department of the United States by Hofman^ 
dealing with the loss in Pb prevailing at smelteries treating foreign ores, has 
shown that the loss in Pb varied from 5 or 6 to as much as 20 per cent. A 
decision of the Treasury Department^ allows the works of the American Smelt- 
ing and Refining Co., at Maurer, N. J., a loss of 20 per cent., and those at El 
Paso, Texas, 19.9 per cent. These large losses are caused by the treatment of 
lead ores rich in As and Zn. 

With silver® the jdeld is generally from 98 to 99 per cent,, the silver-assay 
being made in the dry way and not corrected. With losses of Pb reaching 20 
per cent., the >deld in Ag is lower than 98 per cent.; the decreased yield of 
Ag, however, does not correspond with the increased loss of Pb, but is a great 
deal less.* 

The yield in Au is 100 per cent., the Au being paid to 0.05 oz. per ton; 
often there is a plus gold. 

The cost of smelting"* in the Rocky Mountain district, where blast roasted 
ore is largely used in preparing the charges, ranges from $2.25 to $2.50 per ton 
charge, provided the plant is large and has all of its furnaces in operation. If 
converting blast furnace matte be included, the cost may rise to $4.00 per ton 
charge. With a small plant the cost of treatment is approximately double that 
of a large plant. Of the total cost,® labor accounts for about 23 per cent.; 
coke, 40; coal, 5; limestone for coke-ash, 5; maintenance and repair, 5; delays 
caused by accidents, strikes, etc., 5; flue-dust recovery, 2; administration, 
7 per cent. 

^ Eng. Min. 7 ., 1911, xcr, 1193. 

* Op. cH., 1913, xcv, 532. 

’ Hes, Eng. Min. X, 1899, Lxvnn, 307, 340, 367. 

Gkxkhall, op. cit., 1900, ixrx, 43. 

* Finlay, Min. Sc. FresSj 1908, xcvi, 22; Eng. Min. X, 1908, Lxxxv, 165. 

Aflkiason, op. cit., 1908, xxxxv, 992. 

If Brownlee, loc. cU., mo. 

GraMIl, &p. cU.^ 1908, ixxxvx, 73. * 

Ingalls, he. 315; Min. If$d., 1908, xvn, 608. 

Gniterman, Eng. Min. 1908, ixxxvi, 960. 

* Austin, Mm. Sc. Press, 1914, ax, 170. 



CHAPTER X 

DESILVERIZATION OF LEAD BULLION 


218. Introduction. The final separation of silver and lead is usually acconi- 
plished by the process of cupellation (§273). Up to the introduction of the 
Pattinson process (§219) all argentiferous lead was cupelled; but this has 
many disadvantages, prominent among "which are the cost and the loss in metals, 
the limit being very soon reached where the separation of lead and silver ceases to 
be economical. This is the case "with lead bullion assaying about 30 oz. Ag per 
ton. Below this amount, the silver recovered will hardly pay for the labor, fuel, 
and material required, the loss in metal, and the inferior grade of lead obtained 
from the reduction of litharge. It becomes necessary to concentrate the silver 
into a smaller amount of lead before cupelling. The process of Pattinson, with 
its modifications, and of Parkes do this successfully. 

The progress made in desilverizing in the dry way during the last So years is 
well illustrated in Table 107. The figures published by Hermann^ are de- 
rived from the actual working results obtained at the Ems Smelting and Re- 
fining Works, Prussia, where the three processes were used one after another. 
To these have been added the amount of lead to be cupelled and the traces of 
gold. 


Table 107. — Comparison op Cupellation, Pattinson, and P.arkes Processes 



' Cupellation 

1 process 

Pattinson 

process 

Parkes 

process 

Cost 

: 3-0 ! 

1V2 

1 .0 

Amount of lead to be cupelled 

100.0 

13-0 

5.0 

Loss in lead and silver 

' 1 

2.0 

1 .0 

Impurities remaining in the lead, per cent 

0.2 

0.05 

0.015 

Silver remaining in the lead, ounces per ton , , 

i 0-73 i 

0-58 

0.17 

Traces of gold 

Lost 

Lost ! 

Recovered 


At Tarnowitz, Silesia, Roesing^ experimented about 1890 "with the oxidation 
of lead in a basic-lined converter. He worked with charges of lead weighing 
13,200 lb. and assa3dng from 12.4 to 196.3 oz. Ag per ton; the fumes which he 
collected assayed 75 per cent. Pb and 2.5 oz. Ag per ton. He also refined, 
by a few minutes blo"wii^, desilverized zinc-bearmg lead. 

^ Berg, HMttmm. 2., 18S3, xin, 382. 

* Mm. Unw. 1892, xm^ no; Bmg. BMMenm. Z., 1892, u, 102; Bmg. 

Lm, 43,1; SkM n. Eism, 370.' 
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In 1878 Keith^ started experiments with the electrolysis of lead bullion with 
lead acetate as electrolyte, and later built a plant w^hich, however, was not 
successful. 

In 1906 Tammasi issued a pamphlet- in which he discusses his apparatus for 
the electrolytic refining of lead, which consists of a revolving metal disk half- 
immersed in an electrolyte made up of solutions of acetates of lead and potas- 
sium. The spongy cathode lead is to be scraped off mechanically, washed, 
compressed, and melted, and the anode mud worked by some process. Noth- 
ing more has been heard about this process. 

Later, about 1902, Betts electrolyzed lead bullion with lead fluosilicate, 
acidified with fluosilicic acid, as electrolyte. This process is considered 
in §290. 

The task of modern desilverizing (or refining) works, is not only to separate 
effectively and cheaply the precious metals from lead, but also to make out of a 
lead bullion containing from 95 to 98 per cent. Pb a refined lead of not less than 
99.9 per cent. Pb and salable products of the impurities contained in it, such as 
Cu, Sn, Bi, As, and Sb. 

In the following pages the four standard processes for desilverizing lead 
bullion will be discussed in the order: Pattinson process, Parkes process, 
Cupellation process, Betts process. Cupeilation follows the processes of 
Pattinson and Parkes, as it has ceased to exist as an independent process, 
having become an auxiliary to the other two. 

PATTINSON PROCESS 

219. Pattinson Process, General.^ — ^This process is based upon the fact, 
discovered by Hugh Lee Pattinson in 1833, that if low-grade lead bullion is 
melted and then cooled to its freezing-point, crystals of lead will separate which 
are much poorer in Ag than the original lead. If they are removed and the 
process is repeated, always adding fresh lead of the same tenor in Ag, a large 
quantity of market lead low in Ag wdU result, and a small amount of enriched 
lead ready to be cupelled. By the repeated meltings and crystallizations 
necessary, many of the impurities will be collected in drosses, and the market 
lead become correspondingly purified. 

The explanation of this phenomenon, which formerly was not understood, 
became clear with the application of the laws of solution. The freezing-point 
curve of the alloy series Pb-Ag has been given in Fig. ii. With Pb solidifying 
at 327° C-, the eutectic of Pb-Ag with 2.5 per cent. Ag is seen to freeze at 300° C. 
If a low-grade fused alloy of Pb and Ag is considered as a dilute solution of Ag 

Bng. Mm. iS78, xxvi, 26, 59; 1882, xxxm, 292; 1883, xxxvi, 372. Tr. A. /. M. JE., 
1S82, X, 312; 1884-85, XIII, 310. 

Harape’^ criticism, Zt. Berg. H&ten. Sal. W. i. Pr., 1882, xxx, 81; Eng. Min. 1882, 
xxxra, 144. 

* “Eleetrolytic Process for the Extraction, Separation and Refining of Metals,” Park, 
1906: Min. Jnd., 1906, xv, 543. 

* Percy, “Metaluigy of Lead,” L«Mion, 1870, p. 137. 
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in Pb, the pure solvent, Pb, when the alloy cools, will separate and, being 
heavier than the remaining mother-metal, will sink to the bottom. It %vi]l be 
noted that the range of temperature between the freezing-point of Pb (327° C.) 
and of eutectic (300"^ C.), that is, the range in which crystallizations must be 
carried on, is only 27° C. The result is that the separating crystals are me- 
chanically contaminated with mother-metal, and therefore silver-bearing. The 
higher the Ag-content of the original lead, the less perfect will be the separa- 
tion of liquid mother-metal and crystallized lead. There will be reached a 
point beyond which the enrichment of the liquid lead cannot be carried. 
Table 108 by Reich^ shows that process has to stop when the lead bullion 

T.vble 108. — Limit of En richment of Ag in rt\TTiN- .'X Pkocess 



Ounces A, it fx*r Ton 


In the molten lead before 

In tlie crystals 

In the liquid lead 

cr>’'stalli2ation 

205.33 

113. 74-155.91 

295.95 

213.49 

92. 75-109.05 

313 -*3 

281.34 

119.5S-19S.33 

4^2. gi 

2S8. 16 

113. 74-1S1.99 

44 'L 24 

420.57 

19S.01 

5 '0 . 57 

609.57 

5S6. 53 

659. 15 

615-15 

503.99-646.31 

655.^5 

643-40 

645-15 

tto. 32 


assays from 600 to 650 Ag per ton. Practical experience has proved that the 
liquid lead cannot be enriched to more than 450 or 5cx> oz. Ag per ton. Further, 
the nearer the Ag-content approaches 650 oz. per ton, the smaller become the 
crystals, and the more difficult is it to drain off the liquid lead, especially as 
this tends to solidify at the same time as do the crystals. 

In working the process, it has been found that Au followed the Ag. This 
might be expected from the freezing-point curve of the Pb-Au alloy series given 
in Fig. 12, and from the fact that Au and Ag form solid solutions. At 
Eureka, Nev.,^ in 6 months of 1881, there w^ere treated 15,993 tons lead bullion 
containing 541,299.41 oz. Ag and 16,794.50 oz. Au with a loss of 0.3 per cent. 
Ag and 1.9 per cent. Au; in 1882 the losses were 0.7 per cent. Ag and i.o per 
cent. Au. 

The metal Bi shows a similar tendency, but it does not follow Ag as closely 
as does Au. 

Freezing at 269*^ C., it forms® with Ag, freezing at 961.5® C., an eutectic wdth 
97*5 cent. Bi solidifying at 262®, and at the eutectic line a solid solution of 
Bi in Ag to the extent of alxjut 5 per cent. From the Pb-Bi curve. Fig. 13, 
it is seen that Pb and Bi are mutually soluble at eutectic line to an extent of 

^ Berg. Ementm. Z.^ 1862, xxi, 251. 

‘Letter of R. K. Morribon, SupL, Mairdi 7, 1901. 

,* M. CJwsi., 1906, % 13S. 
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about lo per cent., but there is no indication of this in the Pb—Ag curve, Fig. n, 
and the Pb~Au curve, Fig. 12. 

Junge^ found at Freiberg, Saxony, 
that the richer the Pb is in Ag, the 
more easily will the Bi be concentrated 
in it. Thus, lead bullion with 145.83 
oz. Ag per ton and 0.06 per cent. Bi 
gave rich lead with 583.32 oz. Ag per 
ton and 0.18 per cent. Bi, and market 
lead with 0.44 oz. Ag per ton and 
0.02 per cent. Bi. When the lead 
bullion was richer in Bi, the Ag 
remaining the same, the rich lead 
retained more Bi (0.29 per cent.), and 
this was also the case with the market 
lead (0.054 per cent.). 

How slowly the Bi-content of the 
crystallized lead diminishes in Pattin- 
sonizing, if compared with the Ag, is 
shown in Fig. 466. The curve A B 
refers to a lead bullion containing o.i 
per cent. Bi, the curve C D to one 
with 0.25 per cent. The decrease of 
Bi in a series of crystallizations carried 
out with the method by thirds is shown in Table 109; the figures indi- 
cate the percentages of Bi. 

Table 109. — BEHA\noR os Bi in Patxinson Process 



Fig. 466. — Decrease of Ag and Bi in 
Pattinsonizing. 


Per Cent. Bi 


No. of kettle 


14 


Lead be£oxe’o.242|o.20S o.2oo'o.203;o. 183:0. i73';0.i62jo.i37io. 13210. losjo .o88|o. 064] 0.063 

crystallizing . : 1 t ) i ! ' 

Resulting crys- ; 0 . 23 S 0.207 0.204b. 208 0.176; o. 158 o.iS7lo.i28|o. r 15 jo. I r2[o 085 jo. 074jo. 070 j 00,054 
tals. 

Resulting liquidiO. 200 0,247 0.243 0.242 0.18110.217 o.2X2|o.i83|o. 174 o. 140 0.130 0.06s 

lead. 


(a) Market lead. 

The behavior of Bi in Ag-free Pb is taken up with the Tredinnick process in 
§224. Of the metals commonly found in lead bullion, Sb, Bi, and Ni are concen- 
trated in the liquid lead; As in the crystals; Cu which has not been removed 
with the dross, remains equally distributed in the two products. 

The process of concentrating the silver in a small amount of lead 
may be conducted according to two systems, called the Method by Thirds 
and the Meiscto by Eksecths. In the first of these systems two-thirds of the 
H 1895, 3; Mm, Jirf., 1896, V, 397. 
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lead contained in the kettle is withdrawn in. the form of crystals, w'hile one-third 
remains behind as liquid lead. The crystals w'ill then be about half as rich 
in Ag, and the liquid lead about twice as rich, as the original bullion. In the 
second system the bullion in the kettle is divided into seven-eighths crystals 
and one-eighth liquid lead, and the Ag content of the crystals is approximately 
one-third as much, and of the liquid lead approximately three times as much, 
as that of the original bullion. The latter method is, therefore, to be applied to 
very low-grade bullion. Stetefeldt^ tried to find a general mathematical formula 
which would show the proportions in which leads of different contents in Ag 
should be divided to attain, -with as few crystallizations as possible, a market 
lead of a certain tenor in Ag and an enriched lead. In practice the two methods 
by thirds and by eighths have become standards, especially the former. A 
variation of the method by thirds, the one with intermediary crystals,- aims to 
reduce the number of crystallizations. The contents of the kettle are divided 
— two-thirds crystals and one-third liquid lead — and the crystals taken out. 
The liquid lead, however, undergoes directly a second crystallization, so that 
intermediary crystals and final liquid lead will result. Thus the original lead is 
divided into == % normal crystals, assajdng one-haif as much as the original 
lead; % intermediary crystals, assaying the same as the original lead; and 
liquid lead, four times as rich as the original lead. The method has, however, 
been abandoned where it was tried, as it complicated the process, and as con- 
siderable amounts of slightly enriched leads had to be kept on hand. 

To carry out Pattinson’s process successfully the lead bullion must not be 
very impure or run too high in Ag, and a sufficient amount must be used to 
permit the careful regulation of temperature necessary. All the foreign me- 
tals contained in the lead interfere with the crystallization and the effectual 
separation of the liquid lead from the crystals. Ordinary- lead can be sufficiently 
purified by poling (§ii6) and removing the dross that collects on the surface; 
if Sn, As, and Sb are present to any extent, the lead has to be softened (§241 ; 
at a bright red heat before the crystallization can proceed. 

220. Original Pattmson Process. — The plant consists of a set of from 8 to 
15 spherical kettles (with the method by thirds), buHt closely together in a 
row. The kettles hold from 6 to 15 tons of lead; the smallest permissible quan- 
tity is 2 ^'^ tons. Each kettle has a separate fireplace, so constructed that the 
flame shall pass beneath and behind the kettle, thence into a flue encircling it, 
and finally into the chimney, which has a damper to regulate the draft. The 
details of the construction are the same as with the desilverizing-kettle of 
Parkes process (§247). 

The mode of operation in outline with the method by thirds is as follows: 
In the central kettle the lead bullion is melted down, drossed and, if necessary, 
poled. The fire below is then withdrawn and transferred to a neighboring 
kettle. The cooling is promoted by sprinkling water on the surface from a rose. 
Crusts adhering to the sides of the kettle are pushed down into the i^d, where 

1 Barg. HMtenm. Z., 1863, xm, 64, 69, 77. 

297, 381:- 
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they melt again. This is the work of one man, who also stirs the metal contin- 
uously until the smooth surface becomes rough with crystals. His partner now 
inserts at the rim of the kettle a long-handled suspended skimmer that has been 
warmed, and works it across the bottom of the kettle to the opposite side, then 
back to the middle, where, after jerking it to remove the liquid lead, he dis- 
charges the dry crystals into the neighboring kettle, generally the one to the 
right (“down the house’ ')• The operation is continued until two- thirds of 
the contents of the kettle have been removed in the form of crystals. The 
liquid lead is then ladled into the kettle on the left (“up the house”). To the 
kettle at the right, being two- thirds full of crystals, one- third of lead of the 
same tenor is added, and the kettle at the left, being one- third full of liquid lead, 
is filled %vith a corresponding amount (two-thirds) of lead of its tenor. The 
kettles are heated, and the cooling, crystallizing, and ladling carried on in the 
same way as in the original bullion kettle. This becomes again filled from the 
crystals of the kettle on the left and the liquid lead of that on the right. Thus 
the operations are continued, the lead of the kettles to the right decreasing in 
tenor till that of the last one, the market-pot, assays from 0.3 to 0.5 oz. Ag per 
ton; that to the left increasing till the maximum of 500 oz. is reached. 

From the foregoing it will be seen that before the whole plant can be in 
'working order quite a number of crystallizations have to be carried on, so as to 
have on hand the necessary amounts of lead of different Ag contents required 
to fill the kettles. 

Pattinson's process in its’ original form is still in use in England, Freiberg, 
Saxony, and perhaps some other places. As it is improbable that it will be 
introduced anywhere in the United States, this general outline will suffice. 
Full details are given in the works of Percy,’- Kerl,^ Schnabel-Louis,^ Stblzel,^ 
Roswag,® Griiner,® and especially the paper by Teichmann.’’ 

In order to reduce the hard work necessary in withdrawing the crystals and 
ladling out the lead, as well as to insure a more regular crystallization and better 
separation of crj-stals and liquid lead, machinery was introduced into Pattinson’s 
process; but the two main modifications of the original process, which are in 
use to-day, are those by Luce and Rozan, and by Tredinnick. In both the 
metal is stirred by steam, and the liquid lead drawn off, leaving the crystals 
in the kettle. 

221, Luce and Rozan Process (Steam-Pattinson Process), General.^ — 
The advantages of steam are, that it causes a regular crystallization and a 
good separation of the lead from the crystals, and that it poles the lead, which 

^ ^‘Metallurgy of Lead,” Murray, London, 1870, p. 121. 

® “Gnmdri^ der Metallhuttenkunde,” Felix, Leipsic, i8Sr, p. 225. 

Handbook of Metallurgy,” MactnUlan, London, 1905, Vol. i, p, 625. 

* “ Metallurfie,,” ¥kweg, Brnnswick, 1863-1886, p. 1122. 

* “La d&argentation de plomb,” Dunod, Paris, 1884, pp. 211 and 267. 

^Ann. If Iff., 1868, xni, p. 379. 

^ ZL Ber^. HUUm. Sed. W. i. Pr., 1867, xv, 40. 

•Luce and Rozan, jEwms. Jfi’w., 1873, m, 160. 

Cookson, Ewg. Mm. I., iSSs, xxk, 2391. 
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being much exposed to the influence of the air becomes purified. Thus moder- 
ately pure lead bullion, containing from 0.5 to 0.75 per cent, of foreign metals, 
can be desilverized without previous softening. It is claimed that lead with a 
little Sb and Cu is even preferable, as less dross forms than would be the case 
if it were free from these metals. Of course, lead containing appreciable 
amounts of As and Sb has to be softened with this process, as with anx' other, 
before it can be satisfactorily desilverized. 

The way in which the process is carried out at Pribram.^ Bohemia, may 
serve as an example. It was replaced about 1911 bv the Parkes proce.s5.' 

222. Luce and Rozan Process at Pribram, Bohemia. — The plant, shown in 
Figs, 467, 468, and 470, is seen to consist of two melting-pans, a, one crystallizing- 
pot, /, and two large conical molds. The steam crane is not shown; it is placed 
on the side of the crystallizing-pot, and serves to transfer the cakes of lead from 
the molds to the storage-place, and thence to the melting-pans, and to tip the 
latter. The trough-shaped cast-iron melting-pans, cr. each holding 15,430 lb. 
of lead, are placed behind, and 2 ft. 4 in. above, the top of the crystallizer, L 
They rest wnth their rims on cast-iron frame, b, and are emptied by tipping, 
by means of the crane, over inclined plate, c, which discharges the lead 
through stationary cast-iron trough, d, and a movable sheet-iron trough (not 
shown), into crystallizer, 1 . Each pan has its separate fireplace (Figs. 467 
and 472) on the side, from which the gases, after passing upward (Fig. 467) 
through a long flue, surround the bottom of the pan, and descend either 
directly through flue e (Figs. 467 and 46Sj to the chimney, or first encircle the 
upper part of crystallizer I (Figs. 467 and 46S;, and then pass off through 
flue, / (Fig. 468); the passage of the gases is regulated by dampers, g I'Fig. 
467) and k (Fig. 46S). On the oval hearth (Fig. 47c are built two small 
walls, k (Figs. 467, 468, 470), in order that the flame may pass close to the pan. 
Any lead coming from a leaking pan collects in the lowest part of the hearth 
(Fig. 467), tamped with brasque, and is discharged outside of the brickwork. 

The crystallizer, I (Figs. 467 and 468), is a flat-bottomed cylindrical pot 
holding 44,100 lb. of lead, or nearly three times as much as one melting-pan. 
It has (Fig. 474) near the bottom two spouts, A and B, closed by slide-valves 
(Figs. 478, 479, 480), for discharging the lead. At a right angle to the plane 
of these spouts is steam-inlet, C (Figs. 473 and 474)- The pot rests (Figs. 
467 and 472) on cast-iron frame, p, supported by four cast-iron pillars, o. The 
top of the crystallizer (Fig. 467) is covered with a conical hood, ending in a sheet- 
iron pipe, through which steam and dust are carried off to be condensed. The 
hood has three openings closed by doors — one at the front above the steam- 
inlet, and two at the sides above the lead-spouts; and a small hole near the top, 
for the water inlet-pipe. The crystallizer is fired (Figs. 467 and 472) from the 
passage below melting-pan, a\ the flames pass along the bottom, turn to the 
left, and encircle the lower part of the pot; they are checked by being forced 

I'Xdi^hal, Oesk Jahrb., 1S90, xxxviij, i. 

'Private TOtes, iiSqoi, aod' € 30 rres|»u<ieBH 0 e, iS97. 

, Bng. Mm. J., 1911, xen, : 



474 


METALLURGY OF LEAD 


to make tlieir way tkrougli the narrow passage, g, before passing downward 
and off through flue, r. On either side of the large central fireplace is (Figs. 
471 and 472) a smaller one, which serves to heat discharge-spouts, m, before 
using them. Each of the discharge-spouts, A and B (Fig. 474), has a perforated 
cast-iron straining-plate to keep back the crystals when the liquid lead is being 
run off. These are held in place by wrought-iron arms, b, ^and cast-iron 
frame, c (Figs. 474 and 481), -which is fastened by key- bolts to baflde-plate, d. 
The spouts are closed by a slide-valve (Figs. 478, 479, 480). To the flange of 
the spout (Fig. 476) is fastened with countersunk screws and a red-lead cement, 
a plate (Fig. 477) of the same form, with one face planed smooth, having four 
openings to correspond to those of the flange; i.e., the central lead-discharge and 
the three holes near the rounded corners. Through these bolts, w' and w, 
are passed, m' serving as a pivot for lever, o, and m to tighten guide, n. To 
the lever is fastened plate, also having one planed face. In Fig. 478 is 
shown (the position of the lever when the discharge is closed. In order to 
open it, the nuts of screw-bolts, w, are loosened, and the lever pushed into 
the second position, shown by the dotted lines. The lead from the crystallizer 
passes through the two lead spouts into two tapering molds (Figs. 470 and 482), 
each of w’-hich holds about 6610 lb. of lead. The steam-inlet consists of the 
following parts (Fig. 473). On the flat bottom of the crystallizer are four 
bosses, /, into -which fit screws, g. On the collar of these is placed and keyed 
the cast-iron circular baffle-plate, d, -with its small opening, c, in the center. It 
serves to distribute the steam evenly, and to make it rise regularly in the pot. 
From it is suspended by an eye-bolt, f, with hexagonal eye, nozzle, A, into which 
is screwed steam-pipe, e. Through it passes rod, k, moved to and fro at one 
end by the thread and cross-bar; the other end, which is conical, fits into the 
conical valve-seat of nozzle, hj and closes or opens the steam-outlet. The 
steam entering at S (Fig. 474) passes through the small annular space between 
pipe and rod, and out at h, when the valve is open. 

The method of working is the one by thirds. The mode of conducting the 
process is simple. Suppose the process to be going on at the stage when the 
liquid lead has been drained off from the crystallizer; the valves have been 
again closed and the crystals liquefied. One pan will be full of liquid lead of 
the same tenor in Ag as the melted crystals to be discharged into the crys- 
tallizing pot, while the other will contain two cakes of lead that are being 
melted down. They will have the same Ag contents as the crystals remain- 
ing in the crystallizer after the operation to be described has taken place. 
The melting do-wn of two cakes takes about 6 hr. 

The lead from the pan is run out by inserting two hooks, fastened to the 
chain suspended from the pulley of the crane, into the ears of the pan, and 
raising it slowly. After the lead has been discharged into the crystallizer the 
doors of the hood are dosed and steam introduced for 2 min , and shut off again; 
when the pulverulent dross which has collected on the surface is removed. JQ'ow 
the crystallization propex b^ns. The fire bdLow the crystallizer is withdrawn 
and di-vided betwem the two small fireplaces on either side, from which the lead- 
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spouts are warmed. Steam is turned on, and a small jet of water is allowed to 
play at short intervals upon the surface of the lead. Every time the water is 
let on there are small explosions, and as soon as they become too violent the 
water is shut off again, while the steam enters continuously. The steam has 
45 lb. pressure to the square inch, and care must be taken to have it dry. About 
15 min, after introducing the steam, the lead that has been splashed up on 
the upper edge of the pot, or on the hood, has to be removed. The steam is 
shut oSf the doors in the hood are opened one after the other, and the solidified 
lead-crusts broken off with a chisel-pointed bar, and pushed back into the lead. 
This shutting off of steam to remove the lead is repeated at least twdce. While 
the crystallization is going on, the two cakes of lead required to fill again the 
melting-pan, just emptied into the crystallizer, are hoisted from below with the 
crane, and deposited one on top of the other in the pan. The crystallization is 
finished when the normal amount of steam can no longer overcome the resis- 
tance offered by the crystals. The result is that the boiling ceases, and the sur- 
face of the crystalline mass of lead shows only a slow, wave-like motion. Two- 
thirds of the original lead have now been converted into crystals, the lead having 
assumed a mushy consistency. Water and steam are shut off, the slide-valves 
are opened, and the liquid lead is discharged into the molds, which takes from 
8 to 10 min. In these have pre\dously been placed iron hooks, by which the 
cakes of lead, when cold, may be lifted out. The whole process of cr3"stalliza- 
tion lasts about i hr. While the lead is running off, the fire from the two small 
fireplaces is returned to the grate below the crystallizer, and urged in prepara- 
tion for the next operation. 

The melting and other work require 3 hr., so that one operation lasts 4 hr. 

Eleven crystallizations are necessary to obtain market lead from liquated 
lead bullion averaging 146.12 oz. Ag to the ton. Table no shows the average 
assay-value in ounces per ton of the different leads produced during a whole 
year’s work. 

Six charges are run in 24 hr.; twro men w’orking as partners attend to the 
crystallization, all the handling of the lead being done b\" the crane-man and his 
helper. The products of the process are rich lead, desilverized lead, dross, and 
flue-dust. The rich lead is cupelled, the desilverized lead is refined in a rever- 
beratory furnace and molded into market lead, the dross and flue-dust are worked 
wdth similar products from other parts of the w’orks. The output of metal is 
shown by Table iii. 

The material consumed for desilverizing 100 tons of lead bullion excluding 
the refining of the lead, is: Charcoal, 25 bushels; bituminous coa. 1 , 26.60 tons 
(for melting and desilverizing); bituminous coal, 8.23 tons (for raising steam). 

Balling^ gives the life of a melting pan as 40 days, of a crystallizer as 120 
days, which seems very low. 

It has already been stated that before the process can be carried on normally, 
a number of preliminary crystallizations have to take place to furnish the nec- 
essary iaternredkiry pcodiicts- On account of the possibility that the proce^ 
' Beala, 1885, p. 29s* 
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will be combined with the Parkes process in this country because of the behavior 
of bismuth (see Tredinnick process, §224), full details of the manner of start- 
ing the plant at Pribram are given, although they involve much repetition. 

The outline represents 11 operations, each requiring one more charge than the 
one preceding, before market lead can be produced, and gives the 12 grades of 
argentiferous lead, I~XII, the values of which are given in Table 112. The 
“quintals” used at Pribram have been retained, as changing them into pounds 
would have deprived the scheme, complicated as it is, of the necessary clearness. 
One quintal is equal to 100 kilograms and these equal 220.46 lb. avoirdupois. 

The start is of course made with blast furnace lead bullion, B. F., XI, assay- 
ing 142.91 oz. per ton, and 180 quintals is the amount given below in Operation 
1, which upon crystallization would furnish 60 quintals liquid lead, L. L., XII, 
with 262.49 120 quintals crystallized lead, C. L., X, with 

93.33 oz. Ag per ton. As the separation according to thirds is never accurate, 
these figures are not actually obtained, and as further, in melting, poling, etc., 
a considerable amount of dross is formed, the start is made with 190 quintals 
instead of with 180 quintals, and in the operations 130 quintals are charged in- 
stead of 1 20. Even with these larger amounts, the weight of the market lead 
obtained ranges only from 105 to 112 quintals. 

T.-VBLE no. — .\G-ASSAYS OF LEADS IX LUCE-ROZ-AN PROCESS, PrIBR.AM, BOHEMIA 
Ounces Ag per Ton 


Kettle No. 


Market lead 1 

I II III IV ; V 

1 

VI 1 VII 

1 

VIII 

IX 

X 

XI 

Lead 

bullion 

XII 

Rich 

lead 

0.43 0.87' 1.75 3.21 6.41110. 21 

;i8.96|29. 16 

j 40-83 

jss- 4 i 

93-33 

142.91 

262.49 


Table hi. — Distribvtiox of Pb and Ag in Products 



From 100 pounds lead j From 100 ounces silver 

From 100 pounds lead 


1 bullion charged 

charged 

charged 

Rich lead 

42.99 

97-36 

42.58 

Desilverized lead 

44 - 76 

0.17 

45-01 

Scrap lead 

3-02 

0.61 

3-03 

Drc«s 

■i 9-94 

1-45 

8.04 

Flue-dust 

0.46 

0.07 

0-35 

Loss.. 

i 

; 0-34 

9*99 

Total. 

..| 101.17 

100.00 

100.00 


OPERATION I 

Charge i. Blast furnace lead bullion 180, B. F. XI ; gives 60 L., L., XU, 
which go to the cupelHag furnace (ci:^>el) and 120 C. L., X, which are liquefied 
in the cry^stallizer, drawn off into the molds, and stacked on the fioor (floor). 
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Table xi2 . — Prelimiwry Oi'Eh vn;»N:5 Luce-R'j^an PRex:E>^, PIibram', Bokekia 

A Charge Giws crv>tallized lead 

Cjive> _ ' 

Source , liquid lead Destination 


Op. Ch. 
Xo. Xo. 


xi BL F. 


: 6o X I , X 

; 120 xi Bl. F. 

i 6o xi ' 2 2 

,120 X ' 3 I 

^ 6o X , I I 

120 ix 3 : 2 

: 6o , ix ^ 2 \ 2 

120 xi BL F. 

I 6o , xi ' 31 2 

; 120 X , 4 ' I 

I 60 X 3 : 3 

120 ix 3 : 2 

60 ' ix ' 2 '' 2 

120 : \iii 4 3 

i 60 viii 3 3 

I 120 xi ; Bl. F. 

60 ' xi : 4 ^ 4 

I 120 ' X 3 ■ I 

; 60 i X 4 ' 3 

j 120 i ix 5 ; 2 

i 60 ; ix i 4 ’ 4 

I 120 : viii ,513 

I 60 I viii 13 13 

i 120 ; vii ; 51 4 

! 60 I vii : 4 i 4 

I 120 i xi I Bl.| F. 

I 60 i xi ; 5 ; 2 

I 120 : X j 6 I I 

I 60 : X I 5 i 3 

120 I ix i 6 I 2 


120 j IX I 6 I 2 

60 ! ix I 5 I 4 

120 ; viii 6 i 3 

60 viii 5 5 

120 ivii 6 4 

60 j vii 44 

1 20 vi 6 5 

60 vi 5 5 

120 xi BL F, 

60 xi 62 

120 X 7 I 

60 X 63 


vri; »n: 

i; UF I 

Total 

IF 

quin- 

tals 

O-jin- 

ta!:* 

I So 

60 

tSo 

60 

rSo 

60 

I So 

60 

I So 

6o 

I So 

6.0 

iSo 

60 

I So 

60 

I So 

6o 

I So 

60 

iSo 

60 

iSo 

60 

I So 

60 

iSo 

60 

; iSo ; 

60 

iSo ■ 

60 

‘ iSo ' 

60 

180 ! 

60 

180 ; 

60 : 

1 

iSo 

i 

60 

180 

60 

180 

1 60 

180 

1 60 


Desti- "iall K.ind Qp^-ration Charge 
natif.’n Xo. Xo. 


00 XII A.Up»et 123 X 

60 xi Fluor 123 is 


Floor 1 2 
Floor 1 2 


60 : ix Floor 120 vii 

i 

60 j viii Floor 120 vi 


Floor ! 

i 

120 1 

v 

i 

Floor 

Cupel 1 

1 

1 120 1 

i " i 

7 2 

1 Floor ; 

120 

i " 

^ 7:3 

1 1 
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Table 112. — Operation of Luce-Rozan Process, Pribram, Bohemia. — {Continued) 


j 

Charge 


Gives 

Gives crystallized lead 

iz; ! 

C3 i 
0 j 

Charge ! 
No. 1 

1 

Quin- 

tals 


Source 

Total 

liquid lead 



Destination 

ll 

°! 

Kind ; , ' 

Op. Ch. 
iNo. iNo. 

quin- 

tals 

Quin- 

tals 

Kind 

Desti- 

nation 

tais 

Kind 

Operation 

No. 

Charge 

No. 

7 

7 

3 

120 

60 

ix 

ix 

7 

6 

2 

4 

180 

60 

X 

Floor 

120 

viii 

7 

4 

? 

4 

120 

60 

viii 

viii 

7 

6 

3 

5 

180 

60 

ix 

Floor 

120 

vii 

7 

5 

7 

7 

5 

120 

60 

vii 

vii 

7 

6 

4 

6 

180 

60 

viii 

Floor 

120 

vi 

7 

6 

7 

7 

6 

120 

60 

\n 

vi 

7 

S 

5 

S 

180 

60 

vii 

Floor 

120 

V 

7 

7 

7 

7 

7 

120 

60 

V 

V 

7 

6 

6 

6 

180 

60 

vi 

Floor 

120 

iv 

Flo< 

3r 

8 

8 

I 

120 

60 

xi 

xi 

Bl. 

7 

2 

180 

60 

xii 

Cupel 

120 

X 

8 

2 

S 

8 

2 

1 20 

60 

X 

X 

8 

7 

I 

3 

180 

60 

xi 

Floor 

120 

ix 

8 

3 

8 

8 

3 

120 

60 

ix 

ix 

8 

7 

2 

4 

180 

60 

X 

Floor 

120 

viii 

8 

4 

8 

8 

i 4 

120 

60 

viii 

viii 

8 

7 

3 

5 

180 

60 

ix 

Floor 

120 

vii 

8 

S 

8 

8 

5 

120 

60 

vii 

vii 

8 

7 

4 

6 

180 

60 

viii 

Floor 

120 

vi 

8 

6 

8 

8 

1 ^ 

120 1 

60 

vi 

8 

7 

5 

7 

180 

60 

vii 

Floor 

120 

v 

8 

7 

8 

8 

! 7 

i 

o' 0 

V 

V 

8 

6 

6 

6 

180 

60 

vi 

Floor ' 

120 

iv 

8 

8 

8 

8 

1 

! 8 

120 

^O 

iv 

iv 

8 

7 

7 

7 

180 

60 

V 

Floor 

120 

iii 

Flc 

tor 

9 

9 

I 

120 

60 

xi 

xi 

Bl 

8 

F. 

2 

180 

60 

xii 

Cupel 

120 

1 

X 

9 

2 

9 

9 

2 

120 

60 

X 

X 

9 

8 

I 

3 

180 

60 

xi 

Floor 

120 

ix 

9 

3 

9 

9 

3 

120 

60 

ix 

ix 

9 

8 

2 

4 

180 

60 

X 

Floor 

120 

viii 

9 

4 

9 

9 

4 

120 

60 

viii 

viii 

9 

8 

3 

5 

180 

60 

ix 

Floor 

120 

vii 

9 

■ S 

9 

9 

5 

120 

60 

vii 

vii 

9 

8 

4 

6 

180 

60 

viii 

Floor 

120 

vi 

9 

6 

9 

9 

6 

120 

60 

vi 

vi 

9 

8 

5 

7 

180 

60 

vii 

Floor 

120 

V 

9 

7 

9 

9 

7 

120 

60 

V 

V 

9 

8 

6 

8 

180 

60 

vi 

Floor 

120 

iv 

9 

8 

9 : 

_1J 

8 1 

j 

120 

60 

iv 
j iv 

9 

7 

7 

7 

180 

60 

v 

Floor 

120 

iii 

9 

9 
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Table 112. — Operation of Luce-Rozan Process, Prdbram, Bohemia. — { Coniinu ^) 



Source | 

Rind ^ 

3p. 

No. 

r., iqx 
No.j ^ 

iii 

9 

8 i 

iii 

8 

S ^ 

xi 

Bl. 

F. 

xi 

9 

2 

X 

10 

I 

X 

9 

3 

ix 

10 

2 

ix 

9 

4 

viii 

10 

3 

viii 

9 

5 

vii 

10 

4 

vii 

9 

6 

vi 

10 

S 

vi 

9 

7 

V 

10 

6 

V 

9 

8 

iv 

10 

7 

iv 

9 

9 

iii 

10 

8 ! 

iii 

8 

8 

1 ii 

10 

9 

) ii 

9 

9 

> xi 

BL 

F. 

» xi 

10 

2 

) X 

II 

I 

) X 

10 

3 

> ix 

11 

2 

5 ix 

10 

4 

5 viii 

II 

3 

5 viii 

10 

5 

3 vii 

II 

4 

D vii 

10 

6 

3 vi 

XI 

5 

3 vi 

10 

7 

3 V 

II 

6 

0 V 

10 

8 

0 iv 

11 

7 

0 iv 

10 

9 

0 iii 

II 

8 

0 iii 

10 

10 

0 ii 

11 

9 

0 ii 

9 

9 

0 i 

1 

10 

0 i 

1 

“1 


Gives 
liquid lead 


Gives crystallized lead 
i : Destination 


^ • iVlUU i 

j tals i nation 
180 i 60 I iv i Floor 120 ii 

i i i ( 

180 60 I xii I Cupel; 120 1 X 

■ ! ! ! 

180 60 ' xi ! Floor I 1 20 ix 

i I ! 

180 60 1 X : Floor 120 viii 

! i : 

180 60 ! ix Floor 120 vii 

180 60 \nii Floor 120 vi 

180 60 ! vii ' Floor 120 v 

180 60 i vi Floor 120 iv 

! : I . 

180 60 ; V Floor i 120 iii 

180 60 iv Floor 120 ii 

180 60 I iii I Floor 120 i 

180 60 ! xii Cupel 120 x 

i i ; : _ 

180 60 i xi I Floor ; 120 ix 

x8o 60 i X I Floor | 120 -vdii 


x8o 60 vii Floor 120 v 

180 60 vi Floor 120 iv 


180 60 iv Floor 120 u 


No. No. 
Floor 


Market 
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OPERATION II 

Charge i. i8o B. F., XI; gives 6o L. L., XII, to cupel, and 120 C. L., X, 
remaining in the crystallizing kettle; there are added from the melting pots 
60 C. L., X, from Operation I, charge i, to make up 

Charge 2. 180, X; gives 60 L. L., XI, to floor, and 120 C, L., IX, to floor. 

OPERATION ni 

Charge i, 120 B, F., XI, and 6o, XI, from Operation II, charge 2, gives 
60 L. L., XII, to cupel, and 120 C. L., X; add remaining 60 C. L., X, from Opera- 
tion I, charge i, to make up. 

Charge 2. 180, X; gives 60 L. L., XI, to floor, and 120 C. L., IX; add 60 

C. L., IX, from Operation II, charge 2, to make up. 

Charge 3. 180, IX gives 60 L. L., X, to floor and 120 C. L., VIII, to floor, 

etc. 

The preceding table gives systematically arranged all the preliminary steps 
necessary to arrive at the point where the first market lead is produced. 

It thus requires 66 crystallizations to obtain the intermediary products 
necessary for normal work. One-half of the crystallized lead from Operation 
X, charge 10, remains over to be worked oS subsequently. 

In comparing the processes of Luce-Rozan and Pattinson, Cookson^ comes to 
the conclusion that the former is to be preferred by far, as the softening of the 
lead is not so imperative, the cost of labor only 20 per cent., and that of fuel 
40 per cent., of the cost by Pattinson’s process; and, lastly, it produces only 
33 per cent, of the amount of drosses obtained by Pattinson. The drawback 
of the greater original cost, and the continued expense of repair and renewal, 
is more than made up by the advantages. 

223. Luce and Rozan Process, Eureka, Nev.^ — In 1874 the Richmond 
Consolidated Mining Co. introduced this process at Eureka;® work continued 
until 1889.“* The capacity of the first crystallizer was 22 tons; it was in- 
creased in 1878 to 50 tons.® The lead bullion, averaging 100 oz. Ag and 1.5 oz. 
Au per ton, was desilverized by 4 men in ii operations of 20 min. each to 
0.5 oz., at a cost of $13.00 per ton. According to A. Wetzstein,® it was found 
that enlarging the crystallizer from a capacity of 22 to 50 tons permitted 
making 10 operations in 24 hr. instead of the usual 6 or 8, as the separation 
of crystals from liquid lead was quicker and better. Curtis'^ gives the following 
values, in ounces Ag per ton, for the products; 460 (rich lead), 105, 100, 75, 

jp. Min. J., 1879, xxvii, 258. 

* Curtis, '‘Silver-lead Deposits of Eureka, Nev.,” monograph XJ. S. Geol. Survey, 1884, 
163. 

* Ingalls, W. S.., “Lead and Zinc in the United States/’ McGraw-Hill Book Co., New York, 
190S, 77. 

* Letter of R. K. MorrisoB, Supt., March 7, 1901. 

* Letter of A. May 15, 1903. : : ; 

* “The Improved Pieces^*’' Mmxty 190^, ^ 

^ lx. ak. . , ^ ^ , , . , , . . ^ 
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so? 3O5 iS, 9, 5, 2.5, 1.25 (market lead); Treclinnick^ states that the Ag-content 
of the market lead never exceeded 0.5 02. Ag per ton. 

224. Tredmnick Process, General.- — This process, patented b\' Stephen 
Tredinnick, is in part a combination of the original Pattinson and Luce-Rozan 
processes. It has a crystallizer for each grade of lead as has the Pattinson; 
it stirs the lead with steam and drains off the liquid lead as does the Luce- 
Rozan. The innovation is that each crystallizer is mounted on a hydraulic 
platform so that it can be raised when it is to deliver lead, and lowered when it 
receives lead. A battery of usually n cylindrical cast-iron vessels is built in 
a row which has at one end a kettle for market lead, and at the other one for 
enriched lead which is to be cupelled or electrolyzed. 

The process has not been used so far for desilverizing lead ljulliun, but was 
put into operation at Omaha, Nev., for the recovery of Bi from lead which ha«i 
been desilverized by the Parkes process. It did this work satisfactorily, but 
has been abandoned, as there w'as not enough Bi-bearing lead in the market to 
warrant running the plant. At present, the small amount of bismuthic lead 
in the market is mixed with lead bullion made from Bi-bearing lead}- materials, 
and treated by the Betts process (290). 

There is no question that the Tredmnick process will give excellent results 
with silver, as this metal is more satisfactorily concentrated in an enriched leaii 
than is bismuth. Of course, it will not make corroding lead from Cu-bearing 
lead bullion, as Pattinsonizing does not eliminate the Cu to the required de- 
gree. This is shown in Table 113 given by Xewmam,^ who studied this feature. 

Table 113. — Decopperization of Lead by Pattixson'izixg 


Kettle Cu, 

Per cent. 

Bullion charged ■ ■ o nSa 

Enriched lead = ^44 


12 

II 

10 

9 

5 
7 

6 
5 
4 
3 


Impoverished lead 

^ Loc, cit. 

* U. S. Patent, No. 662836, Nov- 27, i^kx>- 
Ausrin, Mim. Sc. Fress^ 1907, XCW, 891. 
Newnam, F^dL A- X. M. May, 74 ^' 
Wietasl5ei%; t . ■ 


o . 054 
0,056 
0.056 
0 . 004 
o . 056 
0.052 
o . 04S 
0.044 
o .04S 
0.040 
0.038 
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Tiie following discussion, based on the above paper by Newnam quoted, 
deals with the Tredinnick process for the treatment of lead with 0.33 percent. 
Bi, desilverized by the Parkes process, with the object of obtaining lead with 
I per cent. Bi to be electrolyzed by the Betts process and corroding lead with 
0.050 per cent. Bi to go to market. 

The freezing-point curve of the alloy series Pb-Bi, Fig. 13, shows that Bi, 
melting at 268° C. and Pb. melting at 321.5® C., form an eutectic with 44 per 
cent. Pb, freezing at 125° C.; and solid solutions up to 10 per cent. Pb in Bi 
and 10 per cent. Bi in Pb. If we have molten lead with a small amount, say 
0-33 per cent. Bi, and cool to 321.5° C. there will fall out of solution at first lead 
and then, with falling temperature, lead with increasing amounts of Bi, until this 
reaches its maYim imn of 10 per cent, just above the eutectic line at 125° C. 
The existence of this solid solution of Bi in Pb gives the reason for the difficulty 
of obtaining market lead with less than 0.05 per cent. Bi. 

In crystallizing Ag-bearing lead with the method by thirds, the crystals are 
about half or 0.5 times as rich, and the Kqmd lead twice or 2 times as rich in 
Ag as the original lead bullion. With bismuth, the liquid lead contains about 
1.4 times the percentage of Bi of the lead in the charging kettle, which rep- 
resents approximately a 40-per cent, enrichment; the liquid lead contains about 

0. 8 times the Bi-content of the original lead, which is equal approximately 
to a 20-per cent, impoverishment. These facts are shown an Table 114. 

Table 114. — Changes in Bi- and Ag-content by Pattinsonizing 

Kettle No 1234567891011 

Bi per cent. 0,050 0.063 0.081 0.104 0.130 0.164 0.206 0.260 0.330 0.440 0.580 0.770 r.ooo 

Ag oa. per ton 14 3'2 i * 4 7 12 20 35 60 100 180 300 

The missing 40 per cent., due to the formation of solid solutions, is the cause 
of the tendency of the Bi-contents of the kettles, between the corroding and 
the charging ends, to increase steadily in their tenors of Bi. This tendency has 
been termed the “ crawl. 

In a series of 1 1 crystallizing kettles, each having a working capacity of 63 
tons lead, No. i represents the Bi-poor and No. ii the Bi-rich end; No. 
8 is charged with 63 tons of lead with 0.300 per cent. Bi. Crystallizing No. 8 
will furnish 

“No. 7 with 21 tons liquid carrying 0.240 per cent. Bi. 

The kettles stand thus: 

No. 7 No. 8 No. 9 

1. Tons 63 Empty 21 

Per cent. Bi o. 240 0,420 

Now ciystalMze No. 7, which will furnish: 

No. 8 with 21 tons Mquid canying 0.336 per cent. Bi. 

No. 6 with 42 tons crystals canying 0.192 per cent. Bi. 

Charge No. 8 with 42 tons of les^ at 0,300 per cent. Bi; the average contents of 
No. 8 will then be 63 tons carrying 0.312 per cent. Bi. 

Crystallize No. 8 which will furnish: 

No, 9 with 21 tons licpiti canying 0.437 cent. ML 
No. 7 with 42 tons aystals csaiying 0,250 per cent. Bi j 
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Observe that the liquid from No 7 tn c . -r>. 

higher than it should be. This before it W h Per cent. Bi, or i a per cent, 

rtf the hie-her kettles T<- i« t ^ subjected to the juflueuce of any 

T r V . Correct to say that the liquid from No. 6 to No. 7 

will increase 12 per cent, every time the operations proceed up the line Hence as 
No. 7 IS approached the next time, No. 6 wUl furnish- 
No. 7 with 21 tons liquid carrying 0.268 per cent. Bi. 

The kettles will stand thus: 


II. Tons 

Per cent. Bi 


No. 7 No. 8 No. 9 

63 Empty 42 
0-256 0.42S 


Crystallize No, 7 which wiU furnish: 

No. 8 with 21 tons liquid carrying 0.358 per cent Bi 

Charging No. _8 ketUe with 4. tons lead at 0.300 per cent. Bi; it wUI contain 63 
tons of lead carrying 0.319 per cent. Bi. 

Crystallize No. 8, which will furnish: 

No. 9 with 21 tons liquid carrying 0.446 per cent. Bi. 

No. 7 with 42 tons crystals carrying 0.225 per cent. Bi. 

No. 9 now contains 63 tons of lead at 0.434 per cent. Bi, which crystaUized will 
furnish: 

No. 8 with 42 tons crystals carrying 0.347 per cent. Bi. 

As No. 7 is approached the next time, No. 6 will furnish: 

No. 7 with 21 tons liquid carrying 0.300 per cent. Bi. 

The kettles will stand thus: 


III. Tons 

Per cent. Bi. 


No. 7 No. 8 No. 9 
63 42 Empty 

0.270 0.347 


Crystallize No. 7 which will furnish: 

No. 8 with 21 tons liquid at 0.378 per cent. Bi. It will now contain 63 tons 
carrying 0.357 per cent. Bi. 

Crystallize No. 8 which will furnish: 

No. 9 with 21 tons liquid carrying 0.500 per cent. Bi. 

No. 7 with 42 tons crystals carrying 0.286 per cent. Bi. 

As No. 7 is again approached, No. 6 will furnish: 

No. 7 with 21 tons liquid carrying 0.336 per cent. Bi. 

The kettles wiU stand thus: 


IV. Tons 

Per cent. Bi, 


No. 7 No. 8 No. 9 

63 Empty 21 
0.302 0-500 


Crystallize No. 7 which will furnish: 

No. 8 with 21 tons liquid carrying 04.22 per cent. Bi 

Charge No. 8 with 42 tons lead at 0,300 per cent. Bi, and it will contain 63 tons 
carrying 0.341 per cent. Bi. 

CrystaUize No. 8 which will furnish: 

No. 9 with 21 tons liquid carr3dng 0477 per cent. Bi 
No. 7 with 42 tons crystals carrying <X273 per ceaL Bi. 

As No. 7 is again approadhed, i^o. 6 will fnndsh: 

: No. 7 with 21 tons liquid carrying o.|t76 per cent. BL 
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The kettles will stand: 


V. 



No. 7 

No. 8 
Empty 

No. 9 
42 



0.488 

I 

To Recapitulate 

No. 7 

0. 240 

No. 8 
0.300 

No. 9 
0.420 

II 


0.312 

0.437 

Ill 


0.319 

0.446 

IV 

0.302 

0.357 

0. 500 

V 

0-341 

0.341 

0.477 


It can readily be seen that this is an accumulative “crawl” and while it is aggra- 
vated each time No. g is brought into play and in like manner more so when No. lo 
and No. it are drawn upon, yet it would exist were there no kettles above No. 8, 
Furthermore, the percentage rate of “crawl” of No. 2 or any other kettle will be the 
same as that of No. 7.” 

This crawl, or enrichment in Bi-content over that which is normal for a 
kettle, can be corrected either by tapping a kettle which is overgrade into the 
kettle of next higher grade, or by increasing the number of crystallizations. A 
combination of the two methods is effected by the so-called “jumps” in which 
the 21 tons of melted crystals from kettle No. i are tapped into kettle No. 2 
holding 42 tons of crystals, and then working straight up the line without 
tapping back any crystals. Thus the crystals receive an extra operation, and 
one-third liquid lead is pushed up the line by successive stages. Tables 115 
and 1 16 show the increase in Bi-content without and with jumping (J) in a 
10-kettie plant. 


T.\ble 115. — Increase in Bi-content Without “Jumping” 


Corrod- 
ing “C” 

' t 

2 

3 ; 

4 

== 

6 

7 

8 

9 

10 

Anode 

“A” 

0.061 

0.07s' 

0. no 

0. 170 

0.208 

0.251 

0.315 

0.400 

0.468 

0.675 



0.061 

0.073 

O.I3I 

0. 161 

0. 2 II 

0.28s 

0.348 

0.401 

0.529 




0.067 

0.079 

0.129 

0. 169 

0. 229 

0.295 

0.358 

0,412 

0.462 




0-071 

0.093 

0,138 

0, 148 

0.233 

0,276 

0.346 

0.454 

0.498 

0.793 

0.862 

0 

bo 

00 

0.081 

0.093 

0.138 

0. 181 

0.237 

0.287 

0.358 

0.407 

0.562 

0.641 



0,076 

0.093 

o.i 54 j 

0.197 

0.254 

0.299 

0.331 

0.399 

0.529 




0.076 

0.09s 

0.14S 

0,197 

0.249 

0.299 

0.362! 

0.445 

0.482 




0.078 

0.102] 

0.142 

0.199 

0.257 

0.328 

0.388 

0.486 

0.476 

0 

f 



0.074 

0.092 

0.146 

0.204 

P-261 

0-345 

0.366 

0.413 

0.548 




0.086 

0.104' 

0. 158 

0.202 

P.262 

0.316 

0.370 

0.463 

0.495 




0.08S 

0,117 

0.164 

0.219 


0.342 

0.40s 

0.44s 

. 0-478 




0.09s 

; O.I16 

i 

0. 168 

0.22S| 

0.28^ 

0-353 

0.468 

0.423 

'0.571 

0.796 
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T.-vble ii6. Increase rx Bi-coxtent with “Jtmpix*: 


Corrod- 
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Anode 


ing “ C ” 



3 

4 i 

5 

6 





0.050 

0.063 

0.079 

0. 103; 

0.136' 

0.1S7 

0.236 

0.316 

0 39c 



0.048 

o.o6oi 

0.086 

0. 112' 

0.157 

0.202 

0.265 

0.37S 

0.442 

0.521 


00 

0 

0.055 

0.096 

0.127 

0.180 

0.219 

0. 296 

0 - 3 -:' 




0.04s 

0.0581 

0.099 

0.136 

0.177 

0.227 

0. 2S5 

0-357 

0.428 



0.056 

0.069 

0. log 

0. I4I 

0. 192 

0.24S 

0.307 

0-375 

C.422 

■0.381 0.775 

1.045 


0.0731 

0 . ITO 

0-153 

0.203: 

0.254 

0.314 

0,371 

0.475 

0 ■ 63 A 



J 1 

o.oSi 

0. 119 

0.161 

0.212 

0.2S2 

0.32s 

0.409 



CO 

V 

0 

d 

0.058 

0.097 

0.132 

o.i 74 i 

0.236 

0. 291 

0-359 

0.436 



0.049 

0.064 

0. 102 

0.137 

0.179; 

0.237; 

0.294 

0.364 

0.415 



00 

»o 

0 

d 

0.074 

0.109 

0.147 

0.197 

0.245 

0 . 296 

0.369 

0.417 

o.58^ 

. 103 


0.083 

0. Ill 

1 0.150, 

0. 190 

0-253 

0.297 

0-358 

0.436 

0 - 6 3 1 



J 

0.080 

0. 114' 

0. 15S 

0. 21S: 

0.274 

o.siS' 

0-373 

0.500 


0.053 

0.070 

0.103 

0.136 

0. 17S 

0.234 

0. 2S2 

0 - 345 ; 

c . 423 



0.054 

0.081 

0.105 

0.134 

0.1S3 

0. 229 

0. 270 

0 -3.30, 

0.355 




0.066 

0.099 

0. 14S 

0. 197 

0.250; 

0.308 

0.329 

0.33.8 

0.560 

- 177 


J 

0.079 

0,124 

0. 163 

0.204^ 

o- 275 

0 . 294 

0.525 

= . 4.:0 

• ^53 

0.046 

0.062 

0.094 









0-055 

0.071 










0.056 

0.076 











225. Plant. — The plant under consideration was constructed to treat daily 
about 200 tons lead with the method by thirds, and to produce from lea:;! with 
0.33 per cent, Bi, a corroding lead with 0.05 per cent. Bi, and an enriched lead 
with I per cent. Bi to be electrolyzed. This required 1 1 crystallizers, each hold- 
ing 63 tons of lead. It consisted of one iSo-ton storage reverberatory furnace 
for the lead to be treated; ii crystallizers (Figs. 483-4S5 , with a working 
capacity of 63 tons each, placed in a line at 12-ft. centers; one 1 50-ton molding 
furnace for corroding lead; one 42-ton kettle for molding anodes; one 150- 
ton reverberatory furnace for the reduction of drosses; one iS-ton ladle for charg- 
ing the crystallizers, usually No. 8; one oblong spout kettle, hlled with hc»t 
lead, for heating the tapping-spouts, which are kept in it until needed; one 
25-ton electric travehng crane for handling the 18-ton ladle, for replacing de- 
fective kettles (done in 20 min.), and for handling in general. 

226. Crystallizer. — Details of the crystallizer are shown in Figs. 4S3-485, 

which represent an elevation of a kettle-stand with connections and details of 
the kettle. A kettle, 7 ft. i in. in diameter and 6 ft. 3 in. deep, is surrounded 
and carried by a combustion chamber inclosed in a brick-lined sheet-steel 
casing. This is erected on an I-beam base with support-chairs, and is raised and 
lowered by a hydraulic ram, 26 in. .in diameter, whkdi has a stroke of 7 nnd 
works under a hydraulic pressure of 500 lb. per sq- in. Stmm- is admitted 
on the side, .'dose to the bottom, "a valve wM<M deMv« at center 

under a’hseavy porfbiatei piatle,^4§'im.!in:dfelnet)e^- , Ht catora. the valve thnwi^ a 

)ipe^QimBecfion:at no lb. sq. in. C.). 
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cover of the kettle is a sheet-metal hood with four working-doors in the sides and 
a 13-in, opening in the top connected by a telescope pipe with a sheet-metal flue. 
The flue is provided with an 8-ft. exhaust fan, running at 300 r.p.m., which 
removes waste steam and powdery oxides of lead. Four inches above the top 
of the cover is a circular water-pipe, 24 in. in diameter, which has eight 

on the lower side for the delivery of cooling water into the kettle 



through funnel-shaped cups. The water-connection is made by a %-in. hose, 
9 ft. long. Both water and steam are controlled from the second, or kettle, 
floor. A kettle is fired with oil through three atomizer burners operated with 
an oil-pressure of 40, and an air-pressure of 24 oz. per sq. in. Coimection with 
the oil-tank is made by a J^-in. metallic hose, and with the air-receiver by 
a 2-m. flexible suction hc^ie. The waste gases are withdrawn through three 
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ports by a horse-shoe smoke-pipe connected by a telescope pipe with an 
underground smoke-flue provided with a 48-in. fan, running at 440 r.p.nn. 

The speed of operation is great in that it takes 45 min. to melt 45 tons of 
crystals, and 30 min. to crystallize and tap a charge of 63 tons. 

227. Schedule of Operation (Newnam System). — In carrying out the proc- 
ess, tvro systems were tried, the Tredinnick^ and the New-nam; the latter was 



adopted and is given here. The schedule of operations is shown in Fig. 486, 
a legend explaining the conventional dgns used is added. The schedule rep- 
resents an ii-kettle plant as it stands at the hymning of a double cycle,* 


^Op. cit.y p. 754- 

*A single cycle is one in which owe oi anode lead macks from kettfc Ko. 11; 
a double cycle o^ne in which two such taps are made. "Whea kettles tS’ jare feeiBg 
(^jeratedj, the. : work is termed the Sirirng^ when kettks Nos. grti oome into |^y» 

the work is termed the . 
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“No. I kettle is full (63 tons) of melted crystals ready to crystallize. Kettles Nos. 
2 to 10 inclusive are each two-thirds full (42 tons) of melted crystals, and No. ii kettle 
is empty. The percentage of bismuth in each kettle is indicated below the kettles 
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Fig. 4S6. — Newnam system for Tredinnick process. 



Series 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 


and represents the approximate grade at which they should be maintained. All 
charges to be placed in No. 8 kettle. 

The plant stands as follows: 

Kettle No. 1 2 * 3 4 5 € 7 8 9 10 11 



cent. Bi mm mst 0j04cti3@ (U64 0.203 0.26O 0.330 0.440 ojso 0.770 1.000 

No. 1 kettle is now elevated and 21 tO'Hs of liquid are tapped 

into No. 2 kettle, ma kin g it a fuE kMtle, ; The 4s tons' of .crystals iu' Mo. i :.kettle ai» 
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melted and 21 tons are tapped to the corroding lead-molding furnace, thus completing 
operation No. i. 

The plant stands as follows: 

Kettle No. 2 3 4 5 6 7 8 9 10 11 

H}—© ® @ ©©©©©©© O 

Operation No- 1 

No. 2 kettle being full, it is now crystallized and 21 tons of liquid tapped into No. 3 
kettle, filling it. As soon as the 42 tons of crystals in No. 2 are melted, the kettle is 
again elevated and contents tapped to No. i kettle, filling the latter and completing 
operation No. 2. 

The plant stands as follows: 

Kettle No. 1 2 3 4 5 6 7 8 9 10 11 

Tone ® O @ © © © © © © © O S 

Operation No. 1 2 

Kettles Nos. i and 3 now being full, it is evident that these two kettles may be 
operated at the same time, requiring two crews. As the first crew p)rogrcsses up the 
string, the second crew would follow behind and as closely up as melting of the crystals 
would permit. In actual practice, usually two or three kettles intervene between the 
two crews. • In order to avoid confusion in the cycle diagram, the work of the two crews 
is shown in alternating lines; thus, the first crew works out the string marked Series A. 


LEGE.N’D FOR FIG. 4S6. 


Empty kettle. 

Kettle containing 21 tons melted ciystals. 

Kettle containing 42 tons melted crjstals. 

© Kettle containing 21 tons enriched liquid. 

Kettle containing 42 tons enriched liquid. 

Full kettle made up of 42 tons of melted crystals and 21 tana 


of enriched liquid. 

Kettle containing charge of 42 tons. 

Showing direction of the movement of melted crystals. 

^ Showing direction of the movement of the enriched liquid. 


0 


Corroding lead- molding furnace. 


Q Anode or enriched lead -molding funaoe. 
1 Fitsl crew. 


% ' Scc®ad «cfr. 
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after which the second crew works out the Series B, although, as stated, in actual 
practice they follow as closely behind one another as plant conditions will permit. 

Returrdng to the last diagram, the first crew will successively crystallize the 
kettles 3 to lo inclusive, and the operation on No. lo will place 21 tons of liquid into 
the empty kettle No. ii. In each case the melted crystals are tapped toward the 
corroding end. 

The plant will stand as follows : 


Kettle Nof 
Operation No* 



10 11 

O© 


10 


Series A 


The first crew has thus made 10 operations on the long string, Series A. The 
second crew now begins on No. i kettle and, in like manner, successively operates the 
kettles Nos, i to 9 inclusive, and the operation on No 9 wiU place 21 tons of liquid into 
the empty kettle No. 10. 

The plant will stand as follows: 


Kettle No* 
Tbtuii » 




9 10 11 

00 © ^Series B 


Operation Noi 1 2345 6 789 


The second crew has thus made nine operations on the long string, Series B, and 
the first crew now returns to No, i kettle to work out its second string, or Series C. 
Owing to the necessity of correcting the grade of the kettles, as previously explained, 
a variation of the procedure now takes place in Series C, During this series none of 
the melted crystals are tapped toward the corroding end but are left in their original 
kettles with the exception of the crystals in No. i, 21 tons of which, instead of being 
tapped to the corroding furnace, are tapped into No. 2 kettle, and the plant stands as 
follows: 


Kettle No. 


Operation No* 



9 10 11 

000 C 


U 12 IS 14 15 16 17 18 


The second crew returning to the corroding end to work out its short string, Series 
D, is obliged to pass over kettle No. i, and begin operations on the full kettle No. 2, 
thus proceeding straight up the line with the operation on No, 8 kettle, placing a second 
tap of 21 tons of liquid in No. 9 kettle. As all crystals on this series are tapped back 
as usual, and as this wiU leave the charge kettle No. 8 empty, it is in order to give it a 
42-ton charge. 

The plant stands as follows: 

Kettle Ho- 1 

rSJH 1 

Operation No, 

No. 8 having been charged, the Series E will now be run put by the first crew, and 
it wiU be observed that the operation of No. 8 will fil kettle No. 9, which must then 


2345 6789 10 11 

©©00000©©© |^A]^erie» D 


10 11 12 13 14 15 16 

• • • • • • • 
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be worked, placing an additional 21 tons of liquid in Ko, 10, or 42 tons in all There- 
fore, at the close of Series E by the first crew, the nlant will stand as follows r 


Kettle No. 

CE] 



4 5 6 7 8 



9 10 11 

00© 


Operation No- 19 20 21 22 23 24^ ^ 26 27 


The second crew now begins its seventeenth consecutive operation with kettle 
No. I of the Series F, at the conclusion of which the plant will stand as folJow’s: 


Kettle No* 

tLIE] ' 


1 



2 3 4 5 6 7 



8 9 10 11 

O © 0 © 


Operation No. 17 18 19 20 21 22 23 24 

• • •••••• 


As No. 9 was not operated in Series F, there were no return crystals to No. 8; 
therefore, the second charge of 42 tons was introduced into that kettle. 

On series G the correction for grade is again made by omitting the corroding-tap, 
and running 21 tons of No. i crystals into No. 2 kettle. The plant is steadily worked 
according to the above plan until the end of Series N, when the plant stands as follows; 


Kettle Noi 12345 6789 10 11 

t’S.EI] #00000^0000 


0000 

Operation No. 50 51 52 53 54 55 56 57 


As the ninth, tenth and eleventh kettles now contain 42 tons each, it is evident 
that the operations on Series O will include ail kettles from 1 to ir inclusive, and that 
21 tons of anode lead will be tapped from No. 11 kettle into the anode molding kettle. 
As the correction of grade occurs at this time, none of the crj’stals produced on Series 
O will be tapped back, and at its termination the plant stands as foHow's: 


Ketde No* 1 2 S 4 6 6 7 8 9 10 11 

©®0©@©0 @©©©i 
Operation No. 61 62 63 64 65 66 67 68 69 70 71 


Thfe first crew will now run out the last string of the cycle, Series P, operating all 
the kettles from No. 2 to ir inclusive and placing a second tap of 21 tons of anode 
lead into the anode kettle. All the crystals having been tapped down the line, at the 
termination of this series the plant returns to its original condition, as first show'n, and 
a new cycle begins. 

During this cycle the following operations were made; 


First crew 7 ^ 

Second crew - - 67 

Total 138 


As four corrections for grade were made during this period, if ^ or represents 
number of operatfoas made for each corrwdion in grade. On the cycle Aown, 
lead iEtadse i|i.',s^is ^ two ooijseciitiv’e ta|>s bctwe» ooncctioffls; now 
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should these taps be made in groups of one, three, or four, an entirely different cycle 
tvould result, necessitating a separate diagram for each instance. 

During the period, the ingoing and outgoing lead was as follows: 

Tons 


‘ Corroding lead, eight taps of 21 tons each 168 

Anode lead, two taps of 21 tons each 42 

Charge lead, five charges of 42 tons each 210 


Dividing these tonnages by the total number of operations, 13 8, the tons of lead 
charged and produced may be expressed as follows: Tons per operation — charge 
1.522, corroding 1.218, anode 0.304.” 

228. Details of An Operation. — The details of an operation are as follows: 

“A full kettle (63 tons), skimmed clean and ready to crystallize, should have a 
temperature not much above the melting-point of lead, but the brickwork surrounding 
the kettle should be hot enough to prevent a crust from forming on the inside of the 
kettle. Correct temperature is an important factor, as lead too hot greatly prolongs 
the time of crystallizing, and produces an excessive amount of dross. In practice, the 
lead is tested by thrusting a broom handle into the molten metal; if the lead freezes to 
the handle the temperature is low enough to proceed with the operation. If the lead 
does not freeze to the handle, the kettle must be cooled with water, causing crusts to 
form which are pushed under the surface with a pole until the proper temperature is 
secured. As this also consumes time, it is necessary to keep a sharp watch on the 
temperature. 

The kettle being in the proper condition, the operator opens the steam valve slowly 
until the surface of the lead is violently agitated. (In order to prevent slopping, the 
kettles are filled to within 15 in. of the top only.) Water is now cautiously introduced 
through the eight water cups in the cover. The operator regulates the admission of 
steam and water so that a maximum amount of water is introduced wdthout causing 
explosions, the formation of chunks, or the slopping of lead through the cover doors. 

The water cups occasionally become clogged with lead and have to be freed by a 
special punching rod in the hands of the barman. 

Lead soon freezes to a crust on the upper ring of the kettle and to the cover. Peri- 
odically the water is turned off, the cover doors are thrown back, and the crusts barred 
down with a 6-ft. steel bar, i in. in diameter, having a chisel point. Considerable 
judgment must be exercised not to allow the crusts to become too thick, as in this 
case it is difficult to break them up with the steam, and they tend to form chunks. 
Also, too frequent barring down consumes time, as the water has to be turned off 
during that period- 

In order to facilitate barring down, the inside of the cover and the upper ring of 
the kettle should be as smooth as it is possible to make them. 

Soon cr3raitals of lead, from Jds to in. in diameter, begin to appear in the bath, 
and from this point on they multiply with ever increasing rapidity, the violent agita- 
tion by the steam keeping the crystals from adhering to one another. 

When the consisteiicy of two-thirds crystals has been reached, the surface of the 
lead appears as an exce^iingly thick mass of boiling crystals. At this stage the water 
is ^ut off, the kettle baned flown for the last time, and the crusts broken up by steam. 
Steam is now tun^d off, the; kettle ^.eiTOfsed and two hot -spcMUts, just out' of the spbtit 
kMtIe, .are placed on tl» doiiHe:fa^‘s€!o*^s. These- .{ssi'Mch -;aae hot--' 
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charcoal) are opened slowly, and the one-lhird of the charge is lapped to the adjoining 
kettle through a screen in the bottom of the kettle covering the double taps. This 
screen has 96 holes Hb in. diameter, 2-in. centers.^ 

As soon as the last crust has been barred down, the burners are started, and by the 
time the liquid has run out the temperature k rapidly rising. = 

Under the proper conditions, a kettle can be crystallized in 15 min. An average 
operation, crj^stallizing and tapping, requires about 30 min. 

It wiU be noted from the cycle diagram that any delay on one kettle affects the 
whole plant. Quick crystallizing and quick melting are therefore necessaiv' to speed, 
and the more rapidly these operations are x>erformed, the fewer kettles need interv’ene 
between the kettles that are being operated. Thus more ketlk-s can be sn operation 
at the same time. 

On the short string, two crews are operating simultaneously, whereas on the long 
string as many as four crews may be working. 

As soon as the crystals are melted, the lead k skimmed and tapped to the opposite 
adj’acent kettle through the single lead-cock without a screen. The average melting 
period is about 45 min. This completes an “operation."’ 

The kettles near the corroding end are much more difficult to operate than those 
near the anode end; also, the finished lead at the anode end appears much thicker than 
that at the corroding end. This is due to the cr>’stak near the anode end being larger 
than those at the corroding end of the plant. 

329. Dross, Fuel, Labor, Cost — Dross is one of the most objectionable features of 
a Pattinson plant. In the early stages of the Tredinnick plant, 2 1 per cent, of the lead 
charged was skimmed off as dross. This was not only expensive to handle, reduce, and 
recharge, but it also left the lower kettles short of lead, and thereby reduced the tonnage 
materially. 

It was found that throwing small quantities of fuel oil into the kettle cn top of 
the crystals during the melting period, hastened the melting and reduced the dross 
formed during the crystallizing. 

Handled in this manner, the reducing reverberatory furnace needed to be operated 
only 4 or s days a month, and the lead removed as dross amounted to not more than 
2 to 3 per cent, of the lead charged. 

During the crystallizing, about 50 lb. of litharge, fine as ffour, k formed, which is 
drawn off by the telescope fume-pipe, and caught in the flue. A ver>' strong draft Is 
necessary to keep this fume from passing through the cover doors and anecting the 
health of the men. 

The fuel requirements of the plant depend upon the number of operations. An 
average of 50 gal. of fuel oil is required per operation. Of this, 40 gal. pass through 
the burners and 10 gal. are thrown on top of the melting crystals in the kettle. 

Labor, — The accompanying labor table k based on a crew sufficiently large to 
make from 50 to 70 operations each 24 hr.” 

^For some time the Hulst hydraulic press (U. S. Patent, No. 965464, July 26, igio; 
Eng. Min. J., 1910, xc, 853; and U. S. Patent, No. 1001525, Aug. 22, 1911; Tr. A. I. If. £., 
igi4, XLUC, 537) was in operation in order to hasten the flow of IkiuM lead, and to obtain 

cleaner crystals. ^ r 1- "a 

2 It is surprising how accurately a good crystaliaer can judge tha proportion m liquid 
and crystals in the finished kettle. A good man will seldom be in error over a tons, 
this inequality may be eliihinated on a subsequent opeimtMm by sl^tly over- or und 
r.,rys,t al;ig3»g as l 4 ie case may require. ■ ■ 
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Table 117. — ^Labor 


No. men 

Rate 

Duties 

Per month 

Day shift (10-12 hr.) | 

I i 

$2.65 

General foreman 

$80 . 00 

I 1 

2.40 

Burnerman 

72.00 

I 

2.20 

Burnerman assistant 

66.00 

2 

2.25 

Crystallizers 

135-00 

2 

1.85 

Barmen 

iiz .00 

1 

I- 7 S 

Barman in training 

52.50 


2.00 

Tapping and cleaning kettles. 

60.00 

I 

2.2s 

Crane-man 

67.50 

2 

1 . 75 

Clean-up and general utility. . 

105.00 

12 

Lap shift! 

z 

$2.40 

In charge at lap and noon time. 

$72.00 

I 

2.00 

Crystallizer in training 

60.00 

X 

1.8s 

Barman 

55-50 

2 


Barmen in training 

105.00 
$1,041 .50 

Night shift 


Same as above. , 

$T, 041 . 50 

Reducing furnace 

z 

$2.00 

Furnace-man, $ days per month 

$10.00 

z 

1. 6s 

Furnace-man helper, 5 days per month. 

8.25 

3 

X.65 

Drossmen, 5 da5^ per month 

24.75 

z 


Day superintendent 

125.00 

I 


Night superintendent 

Total per month 

87.00 

$2,338.00 


^ Five men coining on at and working until 7 o’clock. 


Cost, — An. ii-kettle plant, as described, treating from 150 to 200 tons lead in 24 
hr., costs about $85,000. The cost of an operation is about $7.50, which figure includes 
all overhead expenses, such as insurance, taxes, amortization, royalty, general expense. 
In comparison with the Parkes process (§260), the average cost per ton lead bullion 
Gorged in a moderate-size plant treating lead bullion with 100 oz. Ag per ton, with 
zinc at a normal figure of 5 cts. per lb., is about $4 per ton. 

230. Thtun Process.^ — In this process, which has not yet been carried out 
in practice, the lead contents of stationary kettles are to be transferred from one 
to another by means of compressed air through rising pipes heated by electric 
resistance coik wound around them. 

PARKES PROCXESS 

231. Parkes Procei^ General — ^Parkes’ process is based on. the fact that 
if from I to 2 per cent. Zol is stirred into melted lead bullion, it will deprive 
the la.tter of its Ag, and form an alloy, which, being less fusible than lead, and 
having a lower specific gravity, will become hard and float on the surface of 
the lead, whence it can be ramoved and treated separately; the lead, which 

S. Patent No. zio648c^ 10, 1904. 
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has taken up some Zn, is refined, and is then ready for the market. Karsten’^ 
discovered in 1842 that argentiferous lead could be desilverized by the use of 
Zn, but his discovery could be applied in practice only when A. Parkes* 
found the means (1850-52) of working the zinc-silver-Iead crust and refining 
the zincky lead. 

In the United States^ E.Balbach patented in 1864 a zinc desilverizing process 
in which lead bullion was made to flow’ into a kettle holding molten spelter. 
The contents were stirred; the crust was skimmed and cast into molds; the bars 
were Hquated and the liquated crust distilled; and the zincky lead refined in a 
reverberatory furnace. The process was modified in time so that it became, 
about 1872, identical with that of Parkes. In 1873 there were in operation 
14 establishments which refined lead bullion. The leading plants desilverizing 
lead bullion by means of the Parkes process in 1916 are given in Table xiS.* 


Table 118. — ^Leading Parkes Desilverizing Plants of the United States is 1916 


State 

City 

Company 

California. . 

Selby 

j Selby Smelting and Lead Co. 

Idaho 

Kellogg 

Bunker Hill & Sullivan Smelting & Con 

Illinois 

Collinsville . . . 

St. Louis Smelting and Refining Co. 

Illinois 

Federal 

Federal Lead Co. 

Indiana 

East Chicago. 

International Lead Refining Co. 

Nebraska. . 

Omaha 

Omaha & Grant Smelting Co. 

New Jersey. 

Newark 

Balbach Smelting and Refining Co. 

New Jersey 

Maurer 

American Smelting and Refining Co. 


232. Behavior of Metals in Zinc Besilverization. — In zinc desilveriza- 
tion there have to be considered the behaviors of Ag, Au, Cu, Pt, Pd, Te, Bi, 
As, Sb, Sn, Ni, and Co likely to be present in the lead bullion, and of Cd and Fe 
in the spelter. Of the metals foimd in lead bullion, Ag, Au, Cu, Pt, Pd, and Te 
readily enter the zinc crust. The other metals do this only to a very small ex- 
tent; they interfere, however, more or less with the work that theZn is intended 
to do. 

I. Silver. — Besilverization used to be explained by the statement that Ag 
had a greater affinity for Zn than for Pb, and therefore combined wfith the Zn 
when added to molten argentiferous lead. Roesing® modified this statement by 
saying that, though Ag had a greater affinity for Zn than for Pb, it had le^ 
affinity for Zn-bearing Pb than either for Zn or for pure Pb, and that this 
wa.s the Tna.in reason why argentiferous lead could be desilverized by means 
of Zn. 

^Archiv., 1853, xxv, 196. 

* Percy, “Lead,” p. 14S. 

» Eurich, Tr. A. I.M. K, 1912, XLiv, 741- 

* Siebenthal, “Productioa of Lead ia 1916,” U- S. GeoL 

* ZL Berg. HiMen. SttL W. i. Fr^ s899» xxxvh, 76. 
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The crust which forms in zinc desilverization contains from 30 to 50 per cent. 
Pb; hence the theory has been put forth that ternary alloys of Zn, Ag, and 
Pb were formed. In practice it is common to speak of the “zinc-silver-lead 
crust.” Kremann and Hofmeier^ investigated the possible ternary alloys and 
came to the conclusion that in zinc desilverization no ternary alloys were 
formed, that the formation of the compound Ag2Zn5 caused desilverization; 
that AgaZns formed solid solutions with Zn, but not with Pb; and that the Pb 
in the crust was a mechanical admixture. They based their research in part 
upon the investigation of Petrenko, ^ whose freezing-point curve showed four 
chemical compounds of Zn and Kg, viz. : Ag2Zn5 with 60 per cent. Zn; Ag2Zn3 with 
48 per cent.; AgZn mth 37.7 per cent.; and Ag3Zn2 with 28.18 per cent. Zn. 

The curve of Petrenko has been superseded by 
the constitutional diagram of Carpenter and 
WTiteley^ given in Fig. 487; Petrenko appar- 
ently having accepted the correction.^ Fig. 487 
shows six constituents: A solid solution a. with 
from o to about 27 per cent. Zn, stable at ordi- 
fi”’? nary temperature; a / 3 ~solution extending from 
about 20 to about 48 per cent. Zn, stable only 
above 264“ C., below which it undergoes an 

loo slo so 70 60 &o 40 iofioio oweigb eutcctic transformation into 0:+ t; a chemical 
„ r> ^ compound AgoZns with 48 per cent. Zn, freez- 

mg at 665 C.; possibly a second chemical com- 
pound Ag2Zn5 ^dth 60 per cent. Zn, freezing at 636® C., which forms solid 
solutions on the zinc side; a constituent e stable only at high temperatures, 
which splits into 6 and 17 at lower temperatures; solid solutions of Zn with 
not more than i per cent. Ag. Zinc desilverization therefore finds its 
explanation in the formation of the chemical compound Ag2Zn3 with 48 per 
cent. Zn, freezing at 665° C. The Pb present in the crust is a mechanical 
admixture of Zn-bearing Pb which owing to superficial oxidation both of Zn-Pb 
and AgaZna cannot be satisfactorily separated by liquation. 

This tendency to oxidation has been counteracted by Edelmann and 
Rossler,® by the addition of 0.5 per cent. A 1 to the Zn, which resulted in a 
crust rich in Ag and poor in Pb, Their process has been abandoned,® as the 
presence of o.i per cent. Cu, of 0.05 per cent. As, and of i per cent. Sb neu- 
tralized the beneficent effect of Al; the presence of 0.03 per cent, Sb was harm- 

^ Mamiskefi fur Ckemie, 1911, xxxir, 563, 597; Min. Ind., 1911, xx, 493. 
atmrg. Chem., 1906, xrvin, 347. 

* Intermd. Zt. MekiUopr., 1913, m, 143; /. Inst. Met., 1913, ix, 214. 

* J- Rms. Pkys. Chem. Soc,, 1914, xr.vi, 175; J. Soc. Chem. Ind., 1915, xxxiii, 1211; Chem. 
Absir., 1913, IX, 777. 

^ Berg. BaUenm. Z., 1890, xux, 245, 249; 1891, l, 123; Eng. Min. J.,,1890, l, 573; 1891, 
11, 404, 582; 1893, i.¥i, 245, 447* 568. 

Sclmabd-L<)«is, “Haw&<Kjk Metalliii:gy/* 1905, i,''688. 

* Schnabel, Berg. HMtemm. Z., 1897, £ 71 ^ 39, 40. ' 
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less. Hassei replaced tlie 0.5 per cent. Al bv o.,^ per cent. and obt 
results similar to those of Edelmann and Rossler. 

There exists as yet no definite information as reganis the soluljiiitx' of Pl.> 
in Ag2Zn3 or of AgoZns in Pb. 

2. GoM.— -The constitutional diagram of the alloy series Zn-Aii, drawn by 
\ogeP and given in Fig. 488, shows three chemical compounds, .ViiZn, .\u3Zn5, 
and AuZns, with freezing-points at 744', 651", and 
490° C., and no solid solutions. The compounds 
AuZn and AuaZns furnish a satisfactory explana- 
tion for Au being taken up by Zn; in fact, it com- 
bines with Zn more readily than does Ag. It used 
to be common practice to add to the Pb-baih 
enough Zn to saturate the Pb and to remove all the 
Au with some Ag, and to treat this Au-crust sepa- 
rately from the Ag-crust. This method of working 
has been abandoned in the United States, but is 
still in operation in some European and Australian 
refineries. 

Copper . — The freezing-point curve of the - “’’xe. 

alloy-series Zn-Cu of Shepherd^ and Taf el, ^ repro- 
duced in Fig. 489,® shows the existence of the com- 
pound Cu2Zn3, freezing at 830° C., which is probably the cause of Cu readily- 
entering the crust. In fact Au and Cu combine with Zn before Ag. It may- 
be noted that the alloys of Au and Cu^form solid solutions throughout. The 
Au-crust mentioned above is always richer in Cu than the subsequent Au-crust. 

Large-scale tests have sho'wn that consuntpilijn 
of spelter increases with the Cu-content of the 
Pb; it becomes noticeable with 0 .C 7 per cent. 
Cu. It is therefore of greatest imt: -tan v to 
melt bars of lead bullion slowly in the reverLie- 
ratory furnace or kettle, and to dross the lead 
carefully^ so that most of the Cu may* be removed 
by skimming before the additions of sp>elter are 
made. In the endeavor to increase tonnage this 
important feature has often been overkwked. 
If liquid lead bullion is transferred from the 
blast furnace to a kettle, it is important to allow it to cool to the required 
degree. Some refiners remove from the surface all the dross that can be 

^Op. cit., 189s, riv, 483; Min. Ind., 1895, re, 4831 -STf. Berg. Hiii. Sal. IF. i. Pr., 1S97, 
XLV, 323. 

^ Zt. cmorg. Chem.y 1906, xrv, 323. 

® J. Phys. Chem., 1904, vin, 421. 

Mttallurgie, 1908, v, 349. 

® Explanation of details, see Hofnmn, **Cc^pper,” 1918, p. 38, 

• Roberts- Austen arid Kirk-Rose, Pr0€. M&f. 1901, ixra, 105. 

K i :T.r OT-ai|ro w-. 5 ^b<!»TOTf',!ttf^hw.«nb.my , Z%.;iEMSsrg. I 4 V, £641. 


Per Cent, Cv, 
U lOO 90 80 70 60 SO 40 30 


1000 
O 900 




a 500 
400 


m 


•Fig. 489. — Alloy-series Zn-Cu. 
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skimmed readily, allow the lead to solidify, remelt slowly, and skim again. 
The solubility of Cu in Pb has been taken up in §8. 

4. Flatmum and Palladium . — Both metals are collected in the crust. Ac- 
cording to Deville and Debray,^ Pt forms the compound PtgZns; they failed to 
find a similar compound for Pd,^ 

The entrance of Pt metals into the crust may also be favored by the solid 
solutions of Pt with Au,® Ag,^ and Cu;^ of Pd with Au,® Cu,^ and Agf and of 


Per Cent, Bi 


Pd with Pt.® 

5. Tellurium . — ^According to Heberlein^® this metal readily enters the crust. 
He found that with lead bullion containing 0.0025 per cent. Te, an addition of 
0.25 per cent, spelter caused 95 per cent, of the 
Te to enter the crust. The curve of Kabayashi^i 
shows the chemical compound TeZn, freezing at 
1238"^ C., with eutectic points very close to the 
ends of the series. 

' 6. Bismuth . — ^This metal does not enter the 

crust; the desilverized lead runs higher in Bi 
than did the original lead bullion. In one case^^ 
the Bi-content of the refined lead rose from the 
usual figure of 0.0008 to 0.0233 per cent, during 
a period when lead bullion running high in Bi 
Another example is given in Table 119. The curve 


Per Cent. Zn 

Fig. 490. — Alloy-series Zn-Bi. 


was being desilverized, 
of Heycock and Neville, supplemented by the researches of Spring and 
Romanoff, and Arnemann,^® given in Fig. 490, shows conjugate solutions, 
an eutectic with 2.8 per cent. Zn, freezing at 269.4° C., and a slight solubility 
of Bi in Zn. This explains the tendency of Bi to remain with the Pb and not 
to be taken up by the Zn. 

7. Arsenic . — ^The curve of Friedrich and Leroux,^® given in Fig. 491 , shows that 
the two metals have no aflSnity whatever; hence As will not enter the crust. It 


Arm. Min.j 1859, 33) S’f- 

*See also Compt. rend.^ 1S82, xciv, 1557. 

* Doerinckel, Zt. anorg. Chem., 1907, ljv, 347. 

■* Docrinckel, loc. cit., 341. 

Thomson and Miller, J. Am. Chem. Soc., 1906, xxvm, 1115. 

® I>oeriackeI, Zi. anorg. Chem., 1907, uv, 337. 

• Ruer, op. cU., 1906, u, 393. 

’ Ruer, loc. cU., 225. 

* Ruer, he. cit., 316. 

• Puschin-Laschitschenko, op. cit., 1909, xxn, 34. 

Rudolphi, op. cit., 1910, ixvn, 65. 

Berg. EaUenm. Z., 1895, rw, 42. 

“ Kyoto, Mem. CoU. Science, Imp. Unkt. Kyoto, 1911, m, 217; T. Inst. Met., 1911, vi, 336. 
Junge, Freiberg. Jakrh., 1895, P- 3* 

J. Chem. Soc., 1897, Lxxi, 394. 

Zt. anorg. Chem., 1893, xm, 29. 

Metallurgie, igio,yTi, sot. 

^ MUmMurgie, 1906, m, 477. 
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does, however, interfere with the entrance of other metals, and with the separa- 
tion of the crust from the underMng lead. As little as o.io per cent. As in 
the lead shows its harmful effect. In skimming a kettle containing lead with 
O.IO per cent. As, the crust is mushy and does not work well in the Howard press 
(§248). The skimmed lead does not have the usual beautiful, smooth, dark 
blue surface, but shows instead a rough, grayish white surface. If skimming 
is continued until the lead solidifies, the surface will hardly change in appearance. 
Experiments in a 40-ton kettle have shown that with lead bullion assaying 
170 oz. Ag per ton and over, the presence of o.io per cent, greatly increased 
the amount of spelter required for desilverization. Arsenic appears to follow’ 
the Zn more readily than does Sb (see below). In one instance^ the relative 
proportions of As and Sb in the lead bullion -were i : 2.5, whereas in the retort 
bullion resulting from the distillation of the zinc crust, it was i : 0.25. Arsenic 
has to be removed from the lead bullion before any zinc addition is made; and 
luckily this is readily accomplished by the oxidizing fusion in softening f §241 1. 

Per Cent, 2n 



Per Cent, As I**? Cent, Sb 

Fig. 491.^ — Alloy-series Zn-As. Fig. 492. — .;\Jloy-5eries Za-Sb. 

8. Antimony. — The metal enters the crust in a small degree; most of it 
remains with the lead bullion. This is explained by the curve of Schem- 
tschuschny,^ given in Fig. 492, wMch show’s the stable compound ZnsSbs, 
freezing at 566° C., the unstable ZnSb, freezing at 537"’, and two eutectics, one 
with 2.5 per cent. Sb, freezing at 412.5° C., the other with about Si per cent. 
Sb, freezing at 505° C. The eutectics counteract the tendency of the compound 
ZnsSba from entering the crust to any degree. 

Some European works, which refine a uniform lead bulhon, treat it directly 
as long as the percentage of Sb does not exceed 0.6 to o. 7 per cent. In the Harz 
Mountains lead bullion with 0.7 per cent. Sb and 41 oz. Ag per ton is desilver- 
ized directly with a zinc consumption of 1.3 per cent., and a >field of 81.34 P^r 
cent, market lead. The changes such buIHon undergoes by dressing and by 
two zinc additions are showm in Table 119.* 

^ Heberlein, Berg. HUttenm. Z., 1895? riv, 42. 

* Zt. anorg. Chem.j 1906, xmc, 3S6. 

» Waideck, F., »Strei£zuge durcfi dk Bid und ^II>eriietten ctes Kmw 

1907* 57- 
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Table iiq.— Changes ix Lead Bullion bv Drossing and Ztncking 
Composition of lead bullion 


ivieiai, per cent. 

After drossing 

After first zincking 

After second zincking 

Sb ; 

0.6627 

0-6453 

0.632S 

Cu.... 

0.0965 

0.0402 

0.0138 

Bi 

0 . 0009 

0.001 I 

0.0013 

Zn 

0.0020 

1 0.1S73 

0. 7010 

Ag : 

0.1400 

! 0.1370 

0 . 0004 

Fe ; 

0 . 0020 

0 . 0020 

0 . 001 7 


In the United States, refineries receive lead bullion greatly varying in its 
Sb-content. It is therefore the general practice to remove the Sb by an oxidiz- 
ing fusion in softening (§241) before zincking. Antimony does not inter- 
fere with the work of the Howard press (§248) 
as does arsenic. 

9. Tin . — This metal remains with the lead, 
as can be seen from the freezing-point curve of 
Heycock-Neville^ and Arnemann,^ given in Fig. 
493, -which shows an eutectic with 90 per cent. 
Sn, freezing at 198° C., a solid solution of Zn in 
Sn to the extent of about 2 per cent., but no 
chemical compound. Tin interferes with zinc 
desilverization and has to be removed by 
softening the lead bullion (§241). 

10. Nickel-cobalt . — These two metals occur very slightly in lead bullion; 
the small amounts present are completely removed by careful drossing so that 
they need not be considered in regular work. If drossing has not been well done, 
and some Ni and Co remain -with the lead, 
they might enter the crust, as Ni forms the 
compound NiZns, freezing at 876° C.,^ and Co 
the compound CoZn4, freezing at 873° C.^ 

11. Summary . — From the well-established 
beha-vior in zincking of the metals considered, 
and from the freezing-point curves discussed, 
the conclusion appears justifiable that only a 
metal which forms a chemical compound with 
Zn is likely to enter the crust, and that an 
direction. 

12. Sfdter.- — ^The spelter used for dealverization ought to be pure. 

* J. Ckem. Soc., 1897, lxxi, 383. 

* MeiaUurgkj 1910, vn, 201. 

* Tafd, MeiaUmrgie^ w, 784. 

Voss, Zl. 0 »arf. €kem.^ 68. 

^Lewkonja, 0p. cil., ipcag, 321- 
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Fig. 494. — ^Alloy-series Zn-Cd. 
eutectic acts in the opposite 
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Fig. 493. — Alloy -series Za-Sn. 
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The effect of Cadmium is negligible. It forms, as seen in Flsj. 494 F an 
eutectic with 82.6 per cent. Cd, freezing at 270' C. 

The case is different with Iron which, as shown in Fig. 4g5,‘ n:)rnis ! wo chem- 
ical compounds, FeZuT at 662° C., andFeZng at 770"' C.,as well as a soli*! solution 
of Zn with 0.7 per cent. Fe. The presence of FT in Zn is therefore harmful. 
Practical experience wdth Fe-bearing spelter by JerneganZ Fohr.^ the writer, 
and others has shown that the zinc consumption is much greater, if the Zn con- 
tains Fe. Thus Fohr found that he required four limes the normal quantity of 
spelter with a brand containing Pb 2.75, Fe 
0.61, Cu 0.077 per cent., Sn, As, Sb, Sd, S, and 
C traces. In analyses of good brands Fe ap- 
pears only in the second decimal. 

13. Conclusion . — From what has been said 
regarding the behavior of the metals found in o 
lead bullion and spelter, it is seen that both | 
must be reasonably free from harmful metals, | 
if desilverization is to proceed in a satisfactory | 
way. Tests made by Kirchhoff“ on lead 
bullion containing 4.5 per cent, foreign metals, 
such as Cu, As, Sb, Bi, and Zn, showed that 2. 87 
per cent, zinc was required to desilverize the 
lead when the bullion had not been softened, 
whereas 1.75 per cent, was sufficient, if soften- 
ing had preceded the desilverization; the relative quantities of market lea'i 
produced were 43 per cent, and 72 per cent, of the lead buHIon charged. 
Table 120 shows how the silver contents decreased with each addlzloji of 
zinc. With the crude lead, the first five zinc additions served only to rcm<:»ve 
the impurities to such a degree -that the desilverization could bedn. That 
the first addition of zinc to the softened lead took up so little silver shows 
that the lead must have been very coppery. 

The four metals that interfere principally with desilverization are Cu. bn. 
As, and Sb; the first is sufficiently removed by drossing, the other three by an 
oxidizing fusion. 

As regards spelter, most of the metal obtained from the smelting of ores 
runs sufficiently low in Fe to make it suited for the Parkes process; thus Prime 
Western with Pb 1.50 per cent, and Fe 0.06 per cent, is the grade ordinarily 
used. The zinc recovered from the treatment of drosses, scrap, etc., is usually 
worthless. An analysis for Fe answers the question of suitability in almost 
all cases. 

^ Heycock-Neville, J. Chem, Soc., 1897, ixxi, 383. 

Hindrichs, ZL anorg, Chem., 1907, lv, 4J7- 

® Vegesack, op. cU., 1907, m, 37. 

Amemann, MetaMurgie, 1910, vn, 201. 

yrr. A. I. M. E., i873"74, U. 28 S. 

* Berg. Hmetm, Z'., x 888 , 30 OTI, 28. 
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Table 120. — Desil\terization of Non-softened Impure Leab Bullion 


Number of additions of zinc 

Lead bullion 

Non-softened 

Softened 

Ounces silver 
per ton 

Pounds of 
zinc 

Ounces silver 
per ton 

Pounds of 
zinc 







85.50 

250 

85.60 

ISO 


85-30 

230 

47.60 

150 

3 

83.80 

150 

16.10 

150 

4 

83.50 

100 

1.70 

ISO 

5 

83.00 

100 

0.18 

100 

6 

48 . 20 

100 




8. 20 

100 



8 

0.80 

70 




0.15 

30 







233 - Outline of Process. — In the Parkes process the lead bullion, usually 
received in bars, is first melted and drossed, so as to remove all the harmful 
metals which can be separated by liquation, and then subjected at an elevated 
temperature to oxidizing influences to oxidize the remaining impurities and 
volatilize as well as scorify them with the litharge formed, whereupon they can be 
removed by skimming. The whole operation goes by the name of Softening, 
The common American practice is to soften the lead bullion in a reverberatory 
furnace; in some cases melting is carried on in a kettle, and liquated liquid 
lead bullion then transferred to a reverberatory furnace for the oxidizing fusion. 
In some European works a liquating reverberatory furnace is used for melting. 
Oxidation of liquated lead bullion at an elevated temperature in a kettle by 
stirring with steam is unsatisfactory, as the antimony skimming quickly cor- 
rodes the kettle, and the amount of skimming formed is excessive. 

The softened bullion is discharged into a kettle in which it is desilverized. 

The desilverized lead has to be freed from the 0.6 to 0.7 per cent. Zn which 
it retains, before it can be used in the metal industries. This operation, called 
Refining, is carried on either in reverberatory furnaces by means of an oxidizing 
fusion at an elevated temperature, or in a kettle by means of steam which at 
900 to 1000® C. is decomposed by the zinc contained in the lead. The result 
of both oi>erations is refined lead and an intermediary oxide product. The 
lead is molded into bars from the furnace direct or goes first into a market 
kettle. The intermediary products, i.e., drosses, softening skimmings, and re- 
fining sk i m ming^ or oxides, are worked up separately. 

The zinc crust, which contains considerable amounts of lead beside the zinc 
and precious metals, is distilled in retorts to recover as much zinc as possible, 
to be used again, and an enriched retort bullion, which is cupelled for; spver 
(perhaps dore) and litharge. Tlie intermediary products from di^t^lafion 
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(blue powder and drosses) and cupellation (litharge and cupel-bottom) are 
worked up in a suitable manner. 

This brief outline is shown wdth some detail in the flow-sheet given in Fig. 
496. 

234. Plant, General. — The general plan of a desilverizing plant varies 
somewhat with the location and the prevailing practice of operating. All 
arrangements, however, have to be of such a character as to require as little 
handling of lead and intermediary products as possible. In fact, the greater 
part of the lead, when once charged into the softening furnace, will not be 
handled again in a modern plant until it is ready for shipment- The result 
is that a vertical section through a refinery will show a number of terraces 
on which are placed the apparatus in the order required by the process. This 
is the case with three of the examples given below. Since the handling of 
molten lead by means of the Miller centrifugal pump has come into use, 
the number of terraces has been reduced, as shown in the fourth example. 

Most European plants are altered Pattinson batteries and are therefore 
built on a horizontal plane. This arrangement^ has advantages as regards 
primary cost and perhaps supervision and control work, but the operation 
.cannot but be more expensive. Drawings of the refinery at Monteponi, 
Sardinia, have been published by Ferraris.® Below are given drawings of four 
terraced plants, which may serve to represent modern practice. 

235. National Smelting and Refining Co. South Chicago, 111 .® — This plant 
was erected in 1889 by F. B. F. Rhodes; it was taken over in 1899 by the 
American Smelting and Refining Co., and underwent several changes before 
it was closed in 1914.^ In Figs. 497 and 498 are given a vertical section 
and plan of the original plant. Though it is small, when compared with other 
works, having only twm 30-ton kettles, and has liquating kettles which have 
become obsolete since the invention of the Howard press, its leading features 
were excellent when built, and are w'orth following today. On the highest 
level are two softening furnaces, which receive each 40 tons lead bullion 
and prepare it for the two 30-ton kettles. The latter are a stage lower, and 
there the softened bullion is desilverized. The apparatus for liquating zinc 
crusts is also upon the same floor. In the drawing, each desilverizing-kettle 
has close to it only one liquating kettle, with a small kettle for liquated lead, 
showing that no distinction is made between gold and silver crusts. If the 
Howard press be used, the liquating kettle or liquating reverberatory furnace 
win not be required. The liquated crusts pass from this floor into an adjoining 
building, placed to the right or the left of the main building, the floor of which 
is on a level with the scale-floor. It contains two departments — the retort- 


^ Rocsing, Zi. Berg, Emtsn. Sal. W. i. Pr.^ 1888, xxxvi, 103; Berg. Euttenm. Z., 1888, 
xi-vn, 337. 

Saeger, Zt, Berg. HUUen. Sal. W. i. Pr.y 1893, xu, 268; drwg. of Tarnowitz plant. 

2 Oesierr. Zt. Berg. Hiittenw., 1905, ixxx, 455; Eng. Min. J., 1905, un, 455. 

® Puisifer, Min. Eng. WorM, 1913, xxxix, 153, 205, 

< Puisifer, op. cU., 1915, xxv, x 6 . 
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room, where the crusts are distilled, and the cupelling-room, where the retort- 
bullion is turned into silver, or dore-silver, bars. In the plant shown in the 
figure only dore bars will result. Following the desilverized lead, the refining 
furnaces are reached on the next level, in which the desilverized lead is de- 
zinckified. Thence it passes into the merchant-kettles, and from these into 
the molds placed in the lead-pit. The market lead is loaded on trucks on the 
scale-floor that are of the same construction as the bullion-receiving trucks; 
they are run on scales, and the weighed lead is transferred into the cars on the 



SECTION AB 
Fig. 49 7 



FrG.4.98 

Figs. 497 and 498. — Section and plan, Parkes plant, National Smelting & Refining Co., 
South Chicago, III. 

loading-track. The plant for working the by-products is placed on the side 
of the main building, opposite that where the zinc-crusts are treated. The 
manner of dealing with these varies greatly in different refineries, and will 
be discussed later on. 

236. Selby Smelting and Lead Co., Selby, Cal.^ — This plant was erected 
in 1884 and is in successful operation at present. A sectional elevation is 
given in Fig. 499. On the top floor are two 6o-ton oil-fired softening furnaces, 
and two tracks on which travel the trucks which bring the lead bullion from the 
smelting department. The softening-furnace floor and the columns supporting 

^ Rickard, Min. Sc. Press, 1916, gxh, 505. 






Fig. 499.— Section, Parkes plant, Selby Smelting & Lead Co., Selby, Cal. 
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it are of concrete reinforced by corrugated bars. The softened lead bullion 
is tapped into troughs which deliver into four oil-fired cast-iron desilverizing 
kettles, lo ft. in diameter and 3 ft. deep, each holding from 60 to 65 tons lead. 
The floor and supports are of reinforced concrete; the floor is covered with %-m. 
cast-iron checker plates. The four kettles are served by a lo-ton electric 
crane for the manipulation of the Howard press and the exchange of defective 
kettles. The desilverized lead is transferred by a 23>^-in. siphon into two 60- 
ton oil-fired reverberatory refining furnaces. The refining furnace floor and 
supports are of reinforced concrete; the floor is covered with |4-in. cast-iron 
checker plates ; the supports are designed to carry a load of 200 lb. per sq. in. The 
part of the floor which is situated over the flue is made of i-in. cast-iron checker 



Fig. 500. — Cross-section main battery Parkes plant, International Lead Refining Co., East 

Chicago, Ind. 

plates resting on I-beams as shown; the remainder is supported by 13-in. concrete 
walls. The refined lead is tapped into the single market-lead kettle of 60 tons 
capacity. Here the lead is allowed to cool and then siphoned into 50 molds 
placed in a three-quarters circle on the molding floor. A mold furnishes a loo-lb. 
pig. The molding or ground floor of the building has a slag foundation leveled 
with 3 in. of concrete and covered with cast-iron plates. The retorting and 
cupelling divisions are in separate buildings not shown in the section. 

237. International Lead Refining Co., East Chicago, Ind. — ^This plant, ^ 
erected in 1912, has a monthly capacity of 5000 tons lead bullion. A cross- 
section through the main battery is given in Fig. 500, and a flow-sheet showing 
the auxiliary apparatus in Fig. 501. The flow-sheet is about the same as the 
tree in Fig. 496. 

The site of the plant covers an area of 64 acres. The cars bringing the lead 

* Hulst, Tr. A. I. M. B., 1914, xlix, 532. 
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bullion arrive on a track provided with, a loo-ton track scale; from the main 
track branch off five storage tracks furnishing space for loo cars. The principal 
operations are carried on in the single main building, a steel structure, 480 by 180 
ft. and 50 ft. high, with three levels, showm in Fig. 500, on which are broad-gauge 



& 


tracks. Two 15-ton electric cran^ of 28- and 77-ft. span, covering the kettle, 
and the refining and molding divisions, travel the entire length of the building. 

The main battery contains two sample-kettles of 45 tons capacity; two 60- 
ton liquating kettles; two 300-ton softening furnaces (13 ft, 6 in. by 28 ft. 2 in. 
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and 31 in. deep, Figs. 517-524); two loo-ton desilverizing kettles; one 300- ton 
refining furnace of the same size as the softening furnaces; and one 200-ton 
molding reverberatory furnace. For the treatment of intermediary products 
there are provided: three residue reverberatory furnaces (8 by 16 ft. and 20 
in. deep, inside, Figs. 631—634) of 30 tons capacity for copper dross and anti- 
mony skimming, litharge, and silver-free refining skimming; two circular water- 
jacket blast furnaces (42 in. in diameter at tuyeres, 14 ft. high, five 3-in. tuyeres) of 
40 tons capacity each for silver-bearing and silver-free antimonial intermediaries; 
eight oil-fired distilling furnaces with retorts holding 1300-lb. charges. Figs. 607- 
612; and two Rhodes cupelling furnaces with tests holding 5 tons rich lead, 
Figs. 657-664. The lead bullion from residue reverberatories Nos. i and 2, 
Fig. 501, is tapped into pots, taken by a crane to the two liquating kettles, and 
stored. On Saturdays the frozen lead bullion is liquefied, purified by compressed 
air, drossed, pumped into the softening furnace, and treated over Sunday, as, 
being hard, it requires more time than the regular 24 hr. given to softening. 

In addition there is provided a small Pattinson division with a daily ca- 
pacity of 150 tons lead for converting part of the refined lead, containing o.oi to 
0.12 per cent. Bi, by a single crystallization and the Hulst press (page 493) into 
corroding lead with not over 0.05 per cent. Bi. It contains two crystallizing 
kettles of 60 tons capacity, four heating kettles of 20 tons capacity, and one 
Hulst press. 

The gases from the cupelling, residue, and blast furnaces are drawn through 
a brick and steel flue by an 8-ft. fan (American Blower Co.), driven by a 35-h.p. 
motor, and delivered into a bag house of brick and steel, 50 by 60 ft. and 50 ft. 
high. The bag house has four bays, each with 144 woolen bags, 18 in. in diam- 
eter and 30 ft. long. 

Steam for the softening and refining furnaces, and for the air-compressor, is 
furnished by two Hawkes boilers; electric power is purchased; water is delivered 
from the city main to a 50,000-gal. tank elevated 50 ft.; waste water is collected 
in a 100,000-gal. sump and returned to the elevated tank. 

There is a change-house, 35 by 85 ft., with toilets, wash-basins, lockers, and 
lunch room; and an office building and laboratory, 36 by 128 ft. 

The lead bullion, which comes mainly from the company’s smeltery at 
Tooele, Utah, contains Pb 99.5 per cent., Ag 65 and Au 0.4 oz. per ton. It is 
not sampled, but delivered direct from the cars into the softening furnaces by 
means of a steam-driven Howe conveyor, Figs. 504 and 505- Other lead bullion 
is unloaded into the two 45- ton kettles, melted, drossed, sampled, and then 
pumped into the softening furnaces. The dross is cast into molds, Figs. 353- 
356, and sampled by means of a circular saw (§176). 

238. Balbach Smelting and Refining Co., Newark, N. J. — This plant, 
shown in horizontal and vertical longitudinal sections in Figs. 502 and 503, is 
the latest, having been erected in 1915. It differs radically from the other 
refineries discussed in that it has twq levels instead of the usual three, and that 
it melts its lead bullion in kettles instead of in reverberatory furnaces. 

The lead bullion is melted and dtossed in the premelting kettles, and trans- 
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f erred by means of a centrifugal pump into a trough delivering into the softening 
furnaces on the next level. The softened bullion is pumped back by the same 
means to the desilverizing kettles, and treated with zinc. The desilverized 
lead is transferred by pumping into one of the three refining furnaces, to be freed 
from the zinc it retains. The refined lead goes to the single receiving reverbera- 
tory furnace, from which it is molded direct. The lead from the upper refining 
furnace flows into the receiving fmrnace, that from the lower refiners is pumped 
into the receiver. 

The horizontal section, Fig. 502, shows at the right the receiving tracks for 
lead bullion and materials, in the center the desilverizing division, and at the 



N.J. 


left the auxiliary apparatus, reverberatories for dross and skimming (the blast 
furnace^ is in the smelting department), the retorts for zinc-crusts, and cupels 
for enriched lead. Farther to the left is the parting plant, not shown. 

The lead bullion, arriving on the receiving tracks, is unloaded on to trucks, 
sampled, and raised with a traveling electric crane of 29-ft. y-in. span by truck- 
loack of 50 bars, and delivered into the premelting kettles. The pigs of lead 
buffion on a truck are tied by a chain, and this connected with the hook of the 
crane. 

■The two pairs of 6o-ton, coal-fired kettles on the upper platform intended 
for premelting and desilverizing are 10 ft. 3 in. in diameter and 3 ft. 4 in. deep. 
Under normal conditions, Le,, when the brick walls and kettles are hot, it takes 
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Fig. 503.-— Vertical section Parkes plant, Balbach Smelting & Refining Co., Newark, N. J. 
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6 hr. to melt a charge of 6o tons lead with a coal consumption of i ton. A 
melting kettle lasts for 228 charges; a desilverizing kettle has to be replaced 
after 150 charges have been treated. 

When the lead bullion has been melted, the dross is skimmed and freed 
from excess lead by two Howard presses working with a pressure of 100 lb. 
per sq. in. These are suspended from jib cranes, each serving two kettles. The 
squeezed dross is dropped on to the floor, the discharges being separated from 
one another by pieces of scrap sheet iron in order to facilitate their removal. 

The drossed bullion from two kettles is pumped in about 15 min. into one of 
the softening furnaces, which holds 120 tons lead, and has a hearth 10 ft. 10 in. 
by 22 ft, and 1 ft. 4 in. deep. The softened bullion is pumped into the two 
6o-ton desilverizing kettles. These are worked together by three men, who 
desilverize their charges in 12 hr. 

The desilverized lead is now pumped into one of the three refining furnaces 
which are of the same size as the two softening furnaces. 

The receiving furnace is smaller in area than the other reverberatories; it 
has a hearth 9 by 17 ft. r in. and 3 ft- in- deep, and holds 100 tons lead. 

The retort room is well ventilated; it has at present eight oil-fired retorts 
(i 200-lb. charges) in a row, each -wfith its own chimney; two retorts have a single 
hood to carry off the fumes. 

Six cupels, with tests 6 ft. 4 in. by 4 ft. 5 in. and 6 in. deep, holding 6500 
lb. lead, have a solid foundation. The working bottom consists of a course of 
magnesite or chrome brick, 43='^ in. thick; on top of this is rammed the usual 
limestone-clay mixture reaching to the working door; above this the walls are 
of fire-brick. 

The Cottrell plant, which receives the gases from six cupelling and sil- 
ver furnaces, is intended to treat 45,000 cu, ft. gas per min. It has three com- 
partments, each with 30 steel pipes, 10 in. in diameter and 16 ft. long. The 
current is 0.15 amp. at 75,000 volts. Its work is very satisfactory; no fumes 
whatever are seen to arise from the stack. 

239. Operation, General. — In the flow-sheet, Fig. 496, giving an outline 
of the Parkes process, there are brought out the leading steps necessary for desil- 
verization. These are, receiving lead bullion, softening of lead bullion, de- 
silverizing softened bullion, refining desilverized lead, molding refined lead, 
treatment of zinc crusts, and treatment of intermediary products. Each 
step requires certain operations, all of which demand a detailed discussion. 

240. Receiving Lead Bullion. — ^The lead bullion usually arrives at the re- 
finery in car loads of from 25 to 50 tons. In most instances the bullion is 
weighed and sampled at the refinery; in some works these operations are carried 
out at the smeltery, especially if both establishments belong to the same com- 
pany. The necessity or omission of sampling may govern the unloading of a 
car. 

If the bullion is to be weighed and sampled at the refinery, the receiving 
track, Fig- 497, is laid so low that the bottom of the car is on a level with the 
platform^* of the works. Along the whole length of this platform, and 
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parallel with the railroad, runs a narrow-gauge track of from i6 to 22-in. gauge, 
which bears a number of strongly built low bullion-trucks. They may be 
built as follows. A frame, consisting of two pieces of channel-bar iron 3 ft. 
long, is fastened to the two axles ^ 


of the wheels, and steadied by two 
iron bands running diagonally. 
The bullion is carried out from 
the car and loaded upon the 
truck standing before the car- 
door; when this is filled to a 
height convenient for lifting 
(about 33^^ ft.), it is moved on, 
and another takes its place. The 
trucks are run on scales placed at 
one or two points in the “ bullion 
and scale-shed,” the bullion is 
weighed, and is then sampled 
with punches from one truck 
directly upon another, which 
then moves straight to the soften- 
ing-furnaces, or to places near 
them, and no more handling is 
required before the bullion is 
charged into the furnaces. The 
bullion produced in the smelting 
department of the refinery is 
loaded at the blast furnaces or 
reverberatory furnaces, on to the 
same kind of truck, brought by an 
elevator to the “bullion and scale- 
shed,” and then passes to the 
softening furnaces. 

At some works the bullion is 
unloaded and weighed as de- 
scribed, and then transferred to 
a 45- or 60-ton kettle, melted in 
about 6 hr. when the kettle is 
hot, and drossed; dip samples are 
taken from the drossed bullion, 
and saw-samples from the dross 



which has been cast into bars 


(Fig. 365). The molten bullion is then siphoned (Fig. 500) or pumped (Fig. 
503) into the softening furnace.^ A similar procedure is found at some 
works which' transfer their, blast or reverberatory furnace bullion in pots to 


the receiving kettle. When this is filled, and the lead been held.at the correct 


33 
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temperature of 370 to 380® C. for sufficient time to permit the dross to rise, 
the latter is removed, freed from adhering lead by a Howard press, and the 
bullion transferred to the softener. 

Plants which do not sample the bullion, usually check the weights furnished 
by the smeltery and the railroad by weighing car and bullion on a track-scale, 
and then unload the car into the softening furnace by means of the conveyor 
manufactured by the Howe Scale Co. of Illinois, Chicago, 111 . This charging 
machine, indicated in Fig. 500, was first used at the National plant in South 
Chicago.^ It is shown in side and front elevations in Figs. 504 and 505, The 
leading parts are a steel structure, carried at the lower end by a wheel tram 
running on a track close to the railroad car, and suspended from a similar tram 
at the upper. The structure forms the support of a steel conveyor driven by a 
5 by 5 Wach engine. The car bringing the bullion arrives on a depressed track, 
is spotted so as to bring its' door approximately in line with the charging door 
of the softening furnace; the charging machine is moved so as to be in line with 
the doors of the car and the softener, its tilting roller platform is lowered, and 
the engine started. Four unloaders in the car pick the bars of bullion from 
their piles in the car, deposit them on the roller table, and push them onto the 
roughened tables of the conveyor, which carries them up the incline, and delivers 
them into an adjustable chute down which they glide through the charging door, 
and land toward the center of the softening furnace. In order to prevent piling 
up of bars, it is important that the furnace be hot at the start and contain a 
bath of lead which shall melt the bars as quickly as they are charged. The 
new cold charge will in time cool the bath of lead and the furnace to a sufidcient 
degree for the dross to rise and carry with it most of the Cu contained in the 
bullion. In from 23^^ to 3 hr., 2500 and even more bars of lead bullion are 
thus readily transferred from the railroad car into the softening furnace. 

In some plants, where there is not sufficient room for a charging machine, 
hand-charging has been replaced in part by mechanical devices. The lead 
bullion is piled in the car on a rectangular frame of heavy plank placed near 
the door. The loaded frames are removed one after another by an electric 
truck, transferred to a place beneath an overhead electric crane which, by means 
of a chain, picks up the bullion from the frame and delivers it on to one or two 
inclined roller tables placed before the charging doors of the softening furnace. 
From a table two men deposit on to the rollers the pigs, which glide into the 
furnace. They handle 40 tons in an hour. 

241. Softening Lead Bullion. — ^The object of softening is to separate from 
the lead bullion produced in the blast furnace, impurities, such as a Cu, S, Sn, 
As, Sb, etc., that would interfere with the desilverization. It comprises two 
processes, liquation and oxidation. By the former, metals and their compounds 
held in solution by the red-hot blast furnace lead are separated again from the 
readily fusible lead by melting it slowly at a low temperature. By the latter, 
metals alloyed with the lead, and more easily oxidized than the lead, are removed 
by heating it to a bright-red with access to air, with the result that these metals 

1 PuhHer, M*j». XXXIX, 1:54. 
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are converted into oxides, which are volatilized to some extent, but mostly 
combine with the PbO formed at the same time, and are drawn off either as a 
powder or as a slag from the surface of the metallic lead. 

When lead bullion is melted slowly in a softening furnace at the low heat of 
370 to 380° C., there rises to the surface a dark colored, half-melted, pasty sub- 
stance, the furnace-dross, consisting of a mixture of Pb, Cu, S, As, etc. The 
slower the melting, the more effectual will be the separation of the Cu from the 
Pb. The analyses given in Table 121 show the purification effected in the lead 
bullion by liquating, and the compositions of the drosses when they have been 
freed as much as possible from adhering lead. 

Table 121. — Analyses of Lead Bullion Before and After Drossing, and of Dross 


Hobo- 

ken-les- 

Anvers, 

Belg. 

if) 


Dross 


67-70 

14-16 


0 . 2—0 . 4 
S-8 
2-4 
0.004 

0. 5-2.0 


5-7 


(a) Hampe, Zt. Berg. Hatten. Sal. W. i. Pr., 1870, xviii, 203. (6) Schertel, Berg. HUltenm. Z., 1882, 

XLVi, 293. (c) lies, private notes, August, 1896. (d) Delprat, Tr. Auslralas. Inst. Min. Eng., 1907, xii. 

21. (c) Hahn, Tr. Inst. Min. Met., 1899-1900, vni, 273. (f) Gov’t, Report, Ann. Min. Belg., 1901. vi, 255, 


Clausthal, (a) 
Harz Mount. 


Lautenthal, (a) 
Harz Mount. 


Freiberg, (b) 
Saxony 


Denver, (c) 
Colo. 


Port 
Pirie, 
N. S. 
W. 
(d) 


Monte- 

rey. 

Mexico 

(e) 


Before 

dress- 

ing 


Before 

dross- 

ing 


After 

dross- 

ing 


Before 

dross- 

ing 


Liquated] 
dross 
(S per 
‘ cent.) 


Dross. 

before 

liqua- 

ting 


Dross, 

after 

liquating 


Pb.. 
Cu.. 
Cd.. 
Bi.. 
Ag.. 
As. . 
Sb.. 
Sn.. 

Fe.. 
Zn.. . 
Ni.. 
Co.. 


j98.92944| 
0 . 1863 
Trace 
0,0048 
o. 1412 
0.0064 
0.7203 
None 

0.0064 

0.0028 

0.0023 

o.oooi6| 


99.0239 
o . 10961 
None 
0 .0050 1 
0 . i42o| 
0 .0053 
o .7066] 
None 

0.0042 
o .0017 
0.00x7 
Trace 


98.9647s 

0.2838 

Trace 

0.0082 

0.1413 

0.0074 

0.5743 

None 

0.0089 
0.0024 
0.0068 
o .00035] 


199.1883 
0 . 0,007 
None 
o .0083 
0 . 1440] 
0.0032 
O.SSS4] 
None 

0.0048] 

o.ctois 

0.0038] 

Trace 


96.667 

0.940 


62 .40 
17.97 


0.066 

0.544 

0.449 

0.820 

0.210 

0.027 
0.022 
f 0.0055 


None 

0.17 

2.32 

0.98 

0.04 

0.43 

0.07 
1 .09 


Au, 0.30 oz. 
.0 oz. 


Slag, ash, hearth-material. Insol. 


4.00 

1.87 

8.66 


[91 .9181 
2.8500] 


N. d. 

O. 8122] 
2.2340 
1 .3400] 
Au 
0.0038] 
O .0521 


Trace 

Trace 

0.7598 


Table 122, published by Blakemore,^ gives the assays of lead bullion and 
ensuing dross. Similar data have been given in Table 84. 

In liquating, 2 the metals which form solid solutions with lead will remain 
with the lead; those which are insoluble or form chemical compounds will 
separate and remain with the dross; those which form eutectic mixtures will 
be liquefied at the liquation temperature before the lead; as the temperature is 
well above the melting-point of lead and therefore of the eutectic, they will be 
found to have been collected in the lead. 

^Tr. AuStrdlas. Inst. Min. Eng., 1898, v, 225. 

Metallurgie, 1906, lu, 13* : 
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Table 122. — Assays ob Lead Bullion and Ensuing Dross 


Lead bullion j Dross 


Ag, oz. per ton 

Au, oz. per ton 

Pb, per cent. 

Ag, oz. per ton 

Au, oz. per ton 

Cu, per cent. 

143-03 

12.2$ 

63.10 

67.36 

6.00 

5-1 

168.68 

12.00 

66.06 

53-46 

5-66 

3.3 

117.49 

12.92 

60. 70 

41.31 

1.32 

1.8 

118.04 

12.48 

69. 10 

39-86 

1 .32 

1.5 

121,16 

14.78 

73.50 

60.66 

1-49 

3-6 

105.30 

11.28 

54-10 

38.24 

0.54 

1.9 

117.42 

X3-S2 

72.70 

53.67 

3-53 

3-9 

114.0S 

11.95 

76.60 

52-40 

4-92 

6.4 

81.12 

6.61 

67.60 

43-77 

6 . 76 

1.8 

rrs.30 

11.26 

60. 70 

37-86 

6.78 

3-3 

148.54 

16.94 

1 68.80 i 

! 58-14 

5-86 

1-5 

220.02 

21.98 

73-50 

I 62.24 

6.48 

1.4 

179.40 

42. 28 

! 82.40 

1 60.96 

10.00 

i-S 

139.32 

16.08 

62.40 

95-56 

16.00 

6.1 

340.04 

37.38 

62.20 

85-34 

8.40 

1.9 

X57.34 

16.52 

70.80 

27.98 

2.86 

X.4 

141.53 

14.30 

71.00 

31.20 

3-36 

1 .1 

I 21. 74 

12.94 

78.40 

53-08 

6.00 

1 . 6 

132.72 

12.90 

76.10 

60.06 

7-50 

1-7 

246.38 

24.04 

60.60 

114.14 

20.44 

9-3 

154.52 

13-34 

75.10 

48.56 

5-44 

2.6 


In Table 121, the analyses from Clausthal andLautenthal demonstrate that 
the character of a comparatively pure lead is improved by melting slowly in a 
kettle and then dressing. By comparing the two Freiberg analyses, the degree 
to which the foreign matter of- a very impure lead bullion may be removed 
will be seen; viz., nearly all the S, 96 per cent. Cu, 99 per cent. Ni and Co, 25 
per cent. As, and only 5.8 per cent. Sb, and 1.54 per cent. Ag; Bi remained 
entirely in the liquated lead, and all the Sn excepting 0.9 per cent. These 
data find their explanations in the freezing-point curves. It must be remembered, 
however, that dross always retains entangled particles of lead bullion. 

On melting the dross from Freiberg in a crucible, ScherteP obtained in well- 
separated layers, the three products lead, speiss, and matte, given in Table 123. 


Table 123. — Analyses op Products prom Melting Dross 



Lead 

Speiss 

Matte 


0.34 



Cu 

60 


Pb 

96.50 

0.08 

cy frc 

25.68 

8.60 

32.80 

Ni 


0. 25 

S 


27.00 

1 . 15 

T'y *7 0 






^Berg. Hmtenm. Z., 1882, xli, 293- 
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The absence of Fe in either speiss or matte proves that these impurities do 
not result from finely divided blast furnace speiss or matte dissolved in the 
lead, as has been often thought. It tends to show that, being held in solution 
or suspension, the impurities unite, on liquating, to form compounds that are not 
fusible at the temperature at which the lead was melted, and that the concen- 
tration of Cu in dross is due probably to the presence of S and As and not to 
the separation of an alloy of Pb and Cu. 

Table 122 shows that the Au-content of the dross rises with that of the Cu. 
This finds its explanation in the fact that Au and Cu form solid solutions 
throughout.^ 

In melting lead bullion that is very rich in Cu, the amount of dross formed is 
sure to be large. As it carries with it precious-metal-bearing Pb, it will reduce 
the direct yield from the charge below a practical limit. In order to prevent 
this, at some works galena is added to the softening-furnace charge for the pur- 
pose of forming a matte with the Cu contained in the lead bullion. The result 
is that all the Au remains in the metal bath and only a small percentage of Ag is 
carried ofi by the matte. 

Heberlein^ found that Te readily entered the dross and did not foUow the 
As and Sb into the skimming as one might be led to expect from the similarity 
between it and these metals. This may be attributed to the chemical com- 
pound PbTe which freezes at 917° C.^ or 904°,^ and may be assisted by the 
presence of Cu which forms the compounds Cu4Te3 and Cu2Te, freezing at 
620 and 856° C.® 

At Pertulosa, Italy, in refining lead bullion with 0.0025 per cent. Te, the 
lead products contained the amounts of Te shown in Table 124. 


Table 124. — Tellurium Contents op Repinery Products 


Products 

Cu, 

per 

cent. 

As, 

per 

cent. 

Sb, 

per 

cent. 

Te, 

per 

cent. 

Ag, 

per 

cent. 

Au, 

per 

cent. 


34-29 



0.0525 




1.36 

0.051 

8.42 
0. 12 

0.0185 

0.0159 

0.0019 



Softened lead bullion 

0.23 

0.522 

0 . 001 2 




ooitcnecL DUilion v^aitcr nrst - - - 

C ‘rinr’lriTi cr i 




0 . 0008 



ooltcncci Dxiiiioxi sccono. . 

Market lead (after third zincking and 




0.00065 

0.0010 
















. 


^ Roberts-Austen and Kirke-Rose, Proc. Roy. Soc., 1901, rxvii, 105. 

Kumakow-Schemtschuschny, anorg. Chem., 1907, liv, 164. 

"^Berg. Euttenm. Z., 1895, Liv, 41; Min. Ind., 1895, iv, 480. 

3 Fay-Gillson, Tr. A. I. M. E., 1901, xxxi, 527- 

^Kimura, Mem. CoU. Science, Imp. Univ. Kyoto, 1915, t, 419; /. Soc. Chem. Ini., 191S, 
xxxrv, 1211. 

® Chikas Hge, anorg. Chem., 1907, uv, 54. 
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If a sample, taken from the lead after dressing, be poured into a small 
mold, and allowed to cool slowly, a erj^staUine, bright, pewter-white spot will 
appear on the slightly depressed, dull, grayish-white surface, which, in addi- 
tion to the hardness of the lead, is characteristic for the presence of As and Sb. 

If, after drossing, the temperature of the lead bath is raised to a good red 
heat and air freely admitted, the three leading impurities contained in the 
lead will oxidize in the following order: first Sn, then As, and lastly Sb; at the 
same time some Pb will be converted into PbO. The surface at first will become 
quickly covered with dark yellow skimming, which varies from powdery to 
pasty, but is not fused, on account of the refractory nature of SnO and Sn02. 
It forms the so-called tin skimming, which consists mainly of antimoniate and 
stannate of lead and antimoniate of tin, and is worked by itself (§263). 

As soon as the tin skimming has been drawn from the surface of the lead, 
this begins to give off fumes of arsenic and antimony, and arseniate and anti- 
moniate of lead begin to form. A sample of this fume gave lies: As 2.56, 
Sb 32.73, Pb 20.60 per cent., Ag 7-0 and Au 0.05 oz. per ton. The arseniate 
of lead is lemon-yellow to light brown, the antimoniate dark brown to black; 
both are fused and drawn off together as antimony skimming after the 
furnace has been sufficiently cooled to cause it to solidify. Toward the 
end of the operation the antimony oxide in the skimming will be replaced by 
lead oxide until the black color has changed to the greenish yellow of litharge. 

Samples are then taken to see how far the softening has progressed. Before 
the Sb has been removed, a sample of the bullion taken in a ladle will 
'‘work,” i.e.j small particles of melted black skimming will float on the surface 
of the lead, with a rotary motion which resembles that of particles of dark 
grease on hot water. As the softening approaches the finishing point, the 
globules become less in number and smaller in size, a thin coating of yellow 
litharge forms more readily on the red-hot lead, and finally no more globules 
are seen and litharge forms quickly. 

When a sample of softened lead bullion is poured into a mold, allowed to 
cool slowly, and skimmed with a flat piece of wood, it will, when it has been 
solidified, have lost the characteristics of As and Sb, and the surface of the bar 
will have assumed a rich indigo-blue color. The lead has become so soft that it 
can be easily scratched with the finger nail; and incision made into a bar will 
show a bright metallic luster; cupelling a sample will furnish a cupel surface 
free from incrustations. 

242. Softening Fnmace. — The furnace used almost exclusively in the United 
States is the reverberatory; it serves for the operations of liquating and oxidizing 
fusions. Formerly softening furnaces were built large enough to hold from 8 
to 10 per cent, more lead bullion than the kettle into which they discharged 
their contents. The kettles used to hold 30 tons softened and the reverb eratories 
40 tons crude bullion. As the time required for softening a large charge in a 
suitable furnace is not longer than a small one, but more economical in labor, 
fuel, and repairs, the tendency has been to increase the sizes of furnaces, and 
discharge their contents into several kettles. The desilverizing kettles have 
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been increased to hold 6o and even loo tons of lead, and the softeners to treat 
300 tons. Softeners holding 90 tons could be charged by hand. With me- 
chanical charging came the possibility of having larger furnaces. Large 
softeners were, in operation in England before they were used in the United 
States; thus Hutchings^ records a softener of 140 tons capacity. 

Drawings of 30-, 60-, and 300-ton furnaces are given in Figs. 506—524. 
They represent the softener of the original National works, Figs. 506-512, 
for 40 tons; of the Selby Works, Figs. 513-516, for 60 tons; and of the Inter- 



Fig. 506. — Elevation of skimming side. 

Figs. 506 to 512. — Coal-fired 40-ton softening furnace, National Smelting & Refining Co., 
South Chicago, 111 . 

national Works, Figs. 517-524, for 300 tons lead bullion. The drawings 
of the International Works contain also the details in which the refining rever- 
beratories differ from the softening. 

All furnaces have rectangular hearths, with length : width =2:1, and are 
built of fire-brick enclosed in a boiler-iron pan; in section the hearth is dish- 
shaped, The greatest depth of the metal bath shows a range of from 12 to 
16 in,; with the 300- ton furnace, it became necessary to increase the depth to 
as much as 31H A deep hearth is good for dressing, one that is shallow is 


c 



j-c . s' t J[) i 


Fig. 507. — ^Horizontal section on line A-B. 

favorable for oxidizing; as the latter operation takes up most of the time given 
to softening, hearths are made shallow. The hearth usually has a slope toward 
the tap-hole which ranges from i to 5 in. A furnace tapped at the side requires, 
of course, a smaller slope than one tapped at the end. 

The pan holding the brickwork used to be of cast iron. In spite of all 
precautions taken to relieve it from strains, it usually cracked after it had been 
in use for a little while. At present it is built up from riveted boiler-iron plates. 

I Eng. Min. 1895, rix, 26. 
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The brickwork of the hearth is readily attacked by the antimony skimming 
and litharge formed in the oxidizing fusion. In order to counteract the cor- 
rosion, 2.5- and 3-in. water-pipe was placed next to the pan at the level of the 
lead-line. The brickwork was eaten away to a thickness of from 2 to 3 in. 
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Fig, 508. — Elevation of flue end. 



Fig. 509. — ^\'’'ertical section on line C-D, 


as quickly as without the pipe, but then the corrosion proceeded only very 
slowly, and the life was thus greatly prolonged. The use of water-pipe is not 
uncommon in cupelling furnaces. In 1873 E. Balbach Jr.,^ enclosed the pan 
holding the hearth with another, leaving a water-space of 3 or 4 in. between 



the two, and thus cooled not only the sides, but also the bottom. While this 
mode of cooling is very effective, there is too much of it, considering the fuel 
required to maintain the temperature necessary to soften the lead in a given 
time. It does check the corrosion of the hearth bottom by whatever litharge 



Figs. 511 aud 512. — ^Detail of tap. j 


remains in the furnace after the lead bullion, or in the refining furnace the 
refined lead, has been tapped, and is not floated up again by the next charge. 
Air-cooling has always been found sufiicient for the bottom; water-cooHng is 
^ U. S. Patent, No. 141912, Aug. 19, 1873. 
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necessary for the sides only; all softening and refining furnaces are provided 
with soft-steel jackets on sides and ends. 

In order to increase the life of the brickwork, the fire-brick have been re- 
placed, especially along the lead line, by magnesite and chrome brick. ^ 

The manner of putting in the hearth varies somewhat. A layer of brasque 
is tamped in and then cut out so that the course of fire-brick, laid endwise, shall 
bring it to the desired shape and give it the necessary inclination toward the 
tap-hole (Fig. 521). In many furnaces only the central part of the inverted 
arch is thus carried by brasque and the remaining space is bricked up (Figs. 
523 and 524). In putting down the bottom, the bricks have to be joined as 
tightly as possible. For this purpose they must first be carefully selected and 
fitted by rubbing together until all roughness is removed. Each brick is 
dipped into water and then into a clay mortar having the consistency of very 
thin gruel; it is then put in place and driven with a hammer against the brick 
it is to face. This makes the joint as close as possible and prevents the passage 
of lead. The sides of the furnace are built with the same care as the bottom. 
Commonly they rest on the curved working bottom to prevent this from rising. 
The roof is supported on either side by skewbacks, and the furnace bound 
with buckstays and tie-rods. The manner of tapping the furnace deserves 
special mention. The tap-hole is an opening, 2 to 3 in. in diameter and usually 
conical, in a cast-iron plate, which sometimes is water-cooled. The hole is 
closed by means of a clay plug rammed in firmly. In order to make breaking 
away impossible, the clay plug is reinforced by an iron plug held in place by 
an iron wedge driven between it and a horizontal piece of flat-iron kept in 
position by the vertical buckstays of the lead-spout. 

The fuel commonly used for firing is bituminous coal (Figs. 506-512); 
in many works this has been replaced by oil (Figs. 513-516); in one plant 
provision is made for both coal- and oil-firing (Figs. 517-524). With a good 
grade of bituminous coal, natural draft is sufficient to soften the lead bullion in 
the required time. With slack coal, undergrate blast becomes necessary. The 
admission of air under pressure through a series of small pipes in the roof is 
satisfactory with coal running high in volatile matter. In using oil, the 
pressure-air serving as atomizer furnishes aU the O necessary for oxidizing 
the impurities to be scorified. 

243. Method of Working. — The mode of operating the softening furnace is 
regulated in such a manner that the time required for charging, softening, and 
tapping shall not exceed 24 hr. There is no difficulty in doing this with 
bullion containing about i per cent, impurity. The aim is to make up the 
charges in such a way that they shall not exceed this amount. 

The bullion is charged by hand or mechanically; some or even all of it may 
be pumped in. In hand-charging, paddles are used to place the bullion. 
The paddle is a rectangular iron bar about 8 ft. long, made of i^^^-in. iron, 
one end being flattened out for a distance of 2 ft. 6 in. to the tvidth of 3 in., 
to receive a bar of bullion; the other is rounded off and bent to a ring. 

^ Kavard, Eng., Min. J., xgoS, ixxxvi, 802. 
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Figs. 521 to 524.— Sections. 
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A lug is often cast on either side of the door-frame to support a roller. It 
serves as bearing for the paddle instead of the door-frame, and thus facilitates 
the manipulation. Charging by machinery has been discussed in §229. 

The work of the Miller centrifugal pump is taken up in Figs. 563-566. 

It is common practice in our days to dross very carefully the blast furnace 
bullion in a kettle before casting it into bars which are to go to a refinery. This 
explains the prevalence of hastening the melting of the bullion in the softener, 
which would be absolutely wrong with undrossed material. After the bullion 
has been melted, it is stirred to detach some of the lead held in suspension by 
the dross; sometimes fine coal is spread over it and stirred in. This is very 
effective when the bullion is pure, so that little dross rises to the surface. With 
impure bullion considerable fuel is required to have any effect, and there is 
danger of the temperature becoming too high, and the lead taking up again 
some of the impurities that had separated. The dross is removed by a rabble 
or a rectangular skimmer. 

The head of the rabble is made of %-m.. iron, and is 3 by 12 in., the handle 
of %-in. iron, and lo-f- ft. long. The handle of the skimmer is of the same 
length and thickness as that of the paddle; the perforated part is made of 3^^-m. 
iron, and is 10 by 12 in., the perforations being in. in diameter. 

With either tool about the same amount of lead is withdrawn with the dross 
from the furnace, so there is little choice between them; some prefer one, some 
the other. The handle often rests in a hook suspended by a chain from the 
roof, thus facilitating the work. The operator removes from one side the dross, 
which his helper on the other side collects with a rabble, pushing it toward the 
door or upon the skimmer. The dross, while being removed from the furnace, 
is collected in a slightly conical cast-iron mold running on wheels, e.g., 2 by 
3 ft. at the base and 14 in. deep, made of ^^-in. iron, or in a slag-pot with tap- 
hole, or in an iron two-wheel barrow with perforated bottom, in order that some 
of the lead carried out with the dross may run off on the cast-iron plate in front 
of the skimming-doors and be returned to the furnace. The use of galena 
with bullion rich in copper has already been referred to above. 

The dross drawn off is weighed, and a sample is taken from the lead remain- 
ing in the furnace to be assayed. The weight and assay-value of the bullion 
charged being known, the weight of the dross and the assay of the residual 
hard lead give the data necessary to calculate the total silver contained in the 
dross, and with it its assay. The amount of dross formed varies; it is about 3 
per cent, of the bullion charged, and assays about 80 per cent. Pb. It is freed 
from some of its lead in a liquating furnace, and will then have a composition 
shown in Table 122. 

The tin skimming that forms on raising the temperature after dressing 
is removed in the same way as the dross. 

Most lead bullion contains so little arsenic that arsenic skimming is not 
kept separate from the similar antimony skimming. If there is enough arsenic 
present to warrant keeping the two skimmings separate, the arsenic skimming 
is taken and handled as is the antimony skimming. 
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With the antimony skimming it is customary" to cool the furnace by throwing 
open the doors, in order that the antimoniate of lead floating on the surface 
may harden, and be then taken off in the form of a thin crust by means of a 
hoe and a paddle. In withdrawing the skimming, it is advisable to leave in 
the furnace that part which adheres to the brickwork. The skimming eats 
into the brickwork for a short distance and then soaks more or less into the 
remainder. A crust of skimming adhering to the soaked bricks protects 
them from further attack. 

If the bullion is very hard, skimming once wdll not be sufScient to soften it. 
The furnace is therefore again heated up; and as soon as the surface of the lead 
is well covered, cooling and skimming are repeated. Ordinarily two operations 
are sufficient, but sometimes three are necessary. To hasten the cooling of 
the furnace, slaked lime is sometimes spread over the metal bath. Some re- 
finers add lime to the furnace after drossing, with the idea that an antimoniate 
of lime is formed, and thus less lead is oxidized during the softening. This 
effect of lime stiU remains to be proved. Any addition of lime to the furnace 
has the great disadvantage of interfering with the subsequent treatment of 
the antimony skimming, and is therefore better dispensed with altogether. 

With bullion rich in Sb it is often not possible to finish the work of the 
furnace ui 24 hr. An addition of refining skimming (§§251 and 252) or lead 
oxide from the molding apparatus greatly assists the oxidation of Sb. Ordinarily 
it is not advisable to use litharge from the cupelling furnace, as this is likely to 
contain Cu which would enter the bullion and affect desilverization in the kettle. 
Of course, litharge free from Cu is preferable to other lead oxides, as its Ag is 
taken up by the bullion. An addition of from 10 to 15 tons lead oxide to 250 
tons drossed lead bullion is a common amount. The finer the oxide, the more 
quick will be its action. 

Steam has been used to stir up the lead and thus expose fresh surfaces to 
the oxidizing action of the air. This is done by introducing through the 
charging doors a i-in.’ pipe, to the end of which are screwed, by means of a T, 
two pipes ha\dng a number of perforations on either side and closed at the ends. 
The main pipe is bent so that it is introduced into the furnace and held in 
place by the closed furnace-door, which has been weighted; the two pipes 
at its ends will be pressed dowm into the lead, and run parallel to the sides of 
the furnace. Though the introduction of steam does shorten the time required 
for softening, it has the disadvantage that it forms a large amount of skimming, 
and that the swash of the lead oxide and antimoniate strongly corrodes the sides 
of the furnace. It has, therefore, not found much favor. 

Another method to be mentioned is the one in use at Freiberg, where bullion 
rich in tin, arsenic, and antimony is softened. Blast is introduced on either 
side of the firebridge; the skimmings are removed at the flue end of the 
furnace as fast as they form. The tool used is a long iron hook, to which is 
fastened a triangular piece of wood, say 8 in. long. With it the skimmings 
drawn out of the furnace in a thin stream. In order to facilitate the work, and 
to enable the workmen to pass gently over the surface, and thus remove only 
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skimmings, and no lead, the handle is supported by a hook suspended from the 
roof. 

In this country blast is rarely used, as the walls of the furnace are corroded 
much more quickly than under normal conditions. 

After the last skimmings have been removed, the doors are thrown open 
to cool the lead to a visible red before it is tapped into the kettle. The stream 
of lead is so directed as not to strike the bottom of the kettle. The skimmings 
are weighed and a sample of the softened bullion in the furnace is taken for 
assay; thus the silver contained in the skimmings can be calculated. The 
amount of skimmings formed is about 5 per cent, of the weight of the bullion 
charged. 

The fuel consumed for the entire softening used to be about 156 lb. of soft coal 
per ton of bullion charged, or 8.67 gal. reduced oil, air being used as atomizer. 
The figure for coal equals 8.7 per cent, of the weight of the bullion charged or, 
assuming 80 per cent, market lead, 10.9 per cent, of the market lead. Hutch- 
ings^ gives from 10 to 12 per cent, of the market lead; Huntington^ gives 6.6 
per cent, of the market lead with a 40- ton and 5 per cent, with a 43-ton furnace, 
using Newcastle coal, as averages at the works at Pertulosa, Italy. In this 
country, with a 300-ton furnace, the coal consumption has fallen to 2 per cent. 
(Hulst). . 

One man and helper attend to the work of the furnace. 

A new furnace bottom absorbs a considerable amount of lead bullion; 
a 300-ton furnace takes up about 30 tons. One peculiarity still needs a satis- 
factory explanation, namely, that a larger proportion of Au than of Ag collects 
in it, considering the average composition of the bullion treated. 

ScherteP found imbedded near the tap-hole of a softening furnace, the lining 
of which consisted of raw and burnt fire-clay rammed down firmly, a felt-like 
scaly metallic mass of a bright copper color which showed upon analysis: 
Cu 59.75, Pb 33.46, Sb 0.37, Ni 0.67, Ag 0.13, Au 0.0235, total metal 94.3925 
per cent.; clay 5.6 per cent. Calculation upon a metal basis gives Cu 63.31, 
Pb 35-45, Sb 0.39, Ni 0.69, Ag 0.137, Au 0.025 per cent. The drossed lead 
bullion contained Cu 0.06 to o.ioper cent.; this value is increased to 0.12 to 0.15 
per cent, after the arsenic and antimony skimmings have been removed. This 
concentration of Cu is remarkable, as is that of Ni and Au, which are present 
in the lead bullion in exceedingly small amounts. Assays of antimony skim- 
mings are given in Table 125. 

The gases from the softening furnaces are conducted through flues and 
dust chambers to the stack. Experiences with a bag house have been unsatis- 
factory in that the meshes of the filtering cloth became clogged with hydro- 
carbons. Samples of flue-dust from softening furnaces show values given 
in Table 126. 

Eng. Min. J., 1895, ldc, 171, 266. 

^ Loc. cit., 291. 

, Jahrh., 1900, p. 59. 
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T. 4 BLE 125- — ^Assays op Antimony Skimmings 



Hoboken-les-Anvers, ! Port Pirie, 
Belgium(i) i N. S. W.(2) 

Port Pirie, * 

N. S. W.(3) 

Pb 

Ag, oz. per ton 

Au, oz. per ton 

Sb 

50-65 
j 30-90 

15-28 

I 0 . i-o . 5 

74-0 

51.80 
12.91 
1. 41 

48.20 

15.24 

1 . 70 

48 .70 
18.27 
1.94 

10.7 

I.O 

As 









* Includes i to 2 per cent, metallics. 

(1) Ann. Alin. Belg., i£)Oi, VI, 2 SS- (.A Tr. Australas. Inst. Min. Eng., ipoy, XII, 21. (3) Op. cit.. 


I8p8, V, 22 S. 


Table 126. — Analyses op Flue-dust prom Soptening Furnaces 


Pb 

Zn ^ 

I S 

1 

d 

to 

As 

Sb : 

1 Ag, oz. ' 

Au, 02. 

Authority 

52. 2 

1 2.8 

25.1 

1 

12.2 j 

Trace ’ 

1 

; 76.6 

0.16 

M. W. lies. 

33 S 
15-9 

4-4 

1 




30.0 

0.16 

0. 16 

M. W. lies, 

F, B. F. Rhodes. 


244. Desilverization of Softened Lead Bullion, General.- — From the soften- 
ing furnace the lead, when cooled to a visible red, or about 500° C., is tapped 
into the desilverizing kettle, which has been white-washed with lime water and 
heated to the point where a splinter of dry wood thrown on the bottom will 
ignite readily, w'hich corresponds to about 400® C. The white-washing facilitates 
the removal of silver crusts which adhere to the sides when the kettle is cooling. 
If the lead were tapped into a cold kettle, this would be likely to crack on the 
bottom, and the time for bringing the lead up to the required temperature 
would be unnecessarily prolonged. The lead runs into a trough of cast iron, 
in. thick, or a channel iron or an I-beam, placed beneath the discharge- 
spout of the furnace. In order to decrease the amount of dross, the lead runs 
from the trough through a cast-iron pipe which conducts it to the side of the 
kettle. 

The kettle-dross formed amounts to about i per cent, of the bullion charged. 
It is skimmed off and added to the next charge in the softening furnace after 
the furnace-dross has been taken off. The kettle is now ready for the addition 
of zinc. 

The quantity of zinc necessary varies with the purity of the lead and in- 
creases on the whole with the amount of Ag present. Presupposing the lead 
to be practically pure, it will take upX§i9) and hold in solution at about 400° C. 
between 0.6 and 0.8, average 0.7, per cent. Zn. This amount has to be added 
to the kettle before the lead will give up any of its Ag; it is therefore a constant. 
The quantity of zinc required to combine with Ag must be based on that needed 
to form AgaZng, Plattner^ showed by experiments on a working scale, how 
the zinc required increased with the Ag-content. His data are given in Table 
127. 

^ Berg. HiiUenm, Z.^ 1889, XLvm, 117- 
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Table 127. — Zinc Required for Desilverization with Increasing Ag-content oe Lead 
Ag in lead bullion, oz. per ton Per cent, of zinc added 

28.09 1.34 

111-56 1.84 

148.16 i,q6 

245.00 2.45 

Roswag’- formulated the amounts of zinc required : Z = 23.22+0.223^, 
in which Z = the zinc per 2000 lb. lead, and + == assay Ag oz. per ton. He also 
expressed algebraically the quantities of zinc found by lUing® to be necessary 
in desilverization: Z = 20.78+0.24^, the letters having the same meanings 
as above. These general formulae probably give an approximate idea of the 
total amounts required to desilverize lead bullion running low in Ag, say 30 to 
50 oz. per ton; for rich bullion they are too high. 

In practice it has been found to be impossible to desilverize high-grade lead 
bullion by a single 'addition of zinc; the richer the bullion the less difference is 
there between the assay values of the zinc-silver crust and the residual lead. 
Formerly it was customary to have three and even four zinckings. At present 
it is uniform practice in the United States to desilverize by means of two addi- 
tions of zinc provided that no gold crust is made. This mode of operating may 
require more zinc than the one that prevailed formerly, but it is a decidedly 
cheaper method. The aim is to concentrate as much Ag (and all the Au) as 
possible into the first, the saturated, crust, and thereby utilize all the de- 
silverizing power of the zinc. This crust, assaying over 2000 oz. Ag per ton, 
goes to the retorts. In the second, and final, zincking an excess of zinc over 
that which is required to combine with the Ag is used; this is necessary if the 
Ag is to be removed completely from the lead. The resulting unsaturated 
crust has stiU some desilverizing power; it is therefore collected in molds and 
used to take the place of part of the fresh zinc required in the first zincking. It 
is assumed that two- thirds of its zinc content is available as new zinc. The 
second crust assays from 10 to 30 oz. Ag per ton. 

The analyses of Table 128 show the compositions of some zinc-silver 
crusts -obtained from low-grade bullion, which has been drossed only and 
retains the Sb, and of liquated zinc-silver (gold) crusts, from softened bullion 
rich in Ag and Au. Of the zinc-silver-gold crusts, the one analyzed by Jenks 
(A) shows an abnormal composition, as the retort bullion assays ordinarily 
2000 oz. Ag and 5 or 6 oz. Au per ton. This crust resulted from bullion 
containing as impurities Cu 0.37, As 0.02, and Sb 0.15 per cent. It 
looked like small sponges of brass floating in the normal gold crust. 
They formed to the amoimt of several hundred pounds. 

All the German silver crusts given run much lower in silver than any 
from American refineries. Those from Altenau and Lautenthal retain more 
lead than any of the others, as they are to be melted again in a kettle 
and decomposed by steam, which could not be satisfactorily done if the 
liquation had been carried any further. 

1 “La d6sargentation de plomb,” Dunod, Paris, 1884, p. 241. 

* Zt. Berg. HUtten. Sal, W, i. Pr., 1868, xvi, 51. 

34 
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245. Gold-Zinc. — ^In the United States gold crusts are not made. The Au 
is taken out with the Ag, the dore silver crust is retorted, the retort bullion cu- 
pelled, and the dore silver parted either with sulphuric acid or electrolytically. 
The main reasons for this procedure are, that making a gold crust takes time, 
and requires the separate storing and handling of two classes of products; and the 
fact that the lead bullion usually, or perhaps frequently, retains small 
amounts of Au in spite of the greatest care given to the operation. It is not an 
uncommon experience to find no Au in using i A.T. for cupelling and parting; 
but with 4 to 6 A.T., Au puts in an appearance.’^ The disadvantages of mak- 
ing a gold crust, even when all the Au is satisfactorily recovered, make the 
procedure more expensive than taking out the Ag with the Au, and parting all 
the Ag instead of only part of it. 

One important fact in making a gold crust is of general interest; it is that 
lead bullion will give up its Au and most of its Cu before the lead is saturated 
with zinc, whereas with Ag this is not the case. Table 129 shows this for a 

Table 129. — Zinc Additions for Gold and Saturation of Lead in a 30-TON KIettle 

Up to o.io oz. Au per ton, 250 lb. zinc. 0.50-0.70 oz. Au per ton, 400 lb. zinci 
o. 10-0.30 oz. Au per ton, 300 lb. zinc. 0.70-0.90 oz. Au per ton, 450 lb. zinc. 
0.30-0.50 oz. Au per ton, 350 lb. zinc. etc. etc. 

30- ton kettle. The 30 tons lead, dissolving 0.6 per cent. Zn, will require 
360 lb. zinc, whereas 0.30 oz. Au per ton are extracted by an addition of only 
300 lb. spelter. 

When the gold crust has been skimmed off the kettle, 500 lb. of zinc 
are added for bullion assaying from 150 to 250 oz. Ag per ton. With bullion 
running as high as 300 or 400 oz., 550 lb. are given. After removing the first 
silver crust the kettle will assay generally from 30 to 40 oz. per ton. The 
second and final addition of silver-zinc, varying from 400 to 600 lb., will reduce 
the Ag-contents of the kettle down to a trace, even if it has been as high as 70 
oz. Bullion running low in Au and Ag, say from 0.05 to o.io oz. Au and from 
50 to 125 oz. Ag per ton, receives one gold-zinc and one silver-zinc, the resulting 
lead running less than 0.2 oz. Ag per ton and generally a trace. 

The most prominent plant making gold crust is that of Port Pirie, N. S. 
W.,^ where the Au is removed from a kettle assaying 70 oz. Ag and 0.3 Au per 
ton, and the crust treated separately by a somewhat complicated procedure 
necessitated by local conditions. 

246. Silver-Zinc. — Refineries of the United States have prepared tables 
giving the amounts of zinc required for desilverizing the charges of lead bullion 
by means of two additions, the first to remove the Au, Cu, and most of the Ag, 
the second to collect the rest of the Ag. A few examples are given below. 

1 Data by Blakemore, Tr. Austral. Inst. Min. Eng.j iSpJ , v, 232. 

* Blakemore, Tr. Austral. Inst. Min. Eng., 1898, v, 221. 

Delprat, op. cit., 1907, xii, 23. 

Ma.yly, ibid., yg. 
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Example A , — ^TMs plant desilverizes in 8o-ton kettles. A kettle receives 
65 tons softened bullion, to be desilverized by 35 tons second crust (from a 
preceding charge in the form of skim blocks) and the required new zinc. 

In Table 130 are given the necessary poupds of new zinc to be added. 
The kettle is skimmed hot (515° C.); then are taken the hot sample (gum 
drop) and the cold sample for assaying. The hot sample is poured into 
a cold conical mold as soon as taken from the kettle; the cold sample is 
obtained by allowing the hot ladle-content to cool in the ladle until all 
the crust has risen to the surface, and the lead underneath shows a clean 
lustrous bluish surface when the floating crust has been pushed aside, and 
then pouring the lead near its freezing temperature into a similar cold mold. 
The hot and cold samples are assayed for Ag and the amounts of new zinc 
to be added taken from Table 131. The kettle is cooled only after the second 
zincking, when the desilverized lead in the kettle ought to contain not over 
0.15 Ag per ton. 


Example A 


Table 130. — First Zixc 

8o-ton kettle: (65 tons of lead bullion; 35 tons skim blocks from previous charge and new zinc) 


SOFTEIUNG-FORNACE CHARGE 


Assay: oz. Ag (Au) per ton 

100 

no 

120 

X40 

160 

180 

200 

220 

240 

260 

280 

300 


Pounds new zinc to be added 

530 

585 

63s 

745 

855 

960 

1060 

1170 

1270 

1380 

1490 

1600 


Example B . — This plant has 6o-ton kettles which, however, receive 62 tons 
lead bullion. The zinc schedules, given in Tables 132 and 133, are based on 
this amount. The crust of the first zincking is pressed hot; that of the second, 
cold. The crust of the second zincking is added to the next following kettle- 
charge to replace part of the fresh zinc needed. In order to determine how 
much fresh zinc the second crust is likely to replace, a cold sample is taken 
from the kettle which furnished the crust after the greater part of the Ag 
had been removed by the first zincking, and assayed. This explains the 
captions 10, 15, 18, 60, 70 in Table 132. 
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Table 131. — Second Zinc (80- ton kettle) 


Hot-sample (gum drop) assay 
Oz. Ag per ton 


Cold-sample assay 
Oz. Ag per ton 
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90 (or less) . 
95 - 


105. 

If over no oz. per ton, take off another press after first' 
skim, press hot (960° F, = 515.6® C.); cooldown only 
after second zincking. 


Pounds zinc to be added 


X450 

1500 

1550 

1600 

1475 

152s 

1575 

1625 

1500 

1550 

1600 

1650 

1525 

1575 

1625 

1675 

1550 

r 6 oo 

1650 

1700 


Example B 

Table 132. — First Zinc (62-ton kettle) 


. Softening-fur- 


Assay oz. per ton of cold sample of preceding kettle after first zincking 


nace assay, oz. 


Ag (Au) per 
ton 

10 

IS 

18 

20 

25 

30 

35 

40 

45 

50 

60 

70 

•'"1 




Pounds zinc’ to be added {{ 





X50 

1010 

950 

920 

900 

870 

840 

820 

800 

770 

770 

750 

750 

160 

1060 

1000 

970 

950 

920 

890 

870 

850 

820 

820 

800 

800 

170 

noo 

1040 

1010 

990 

960 

930 

910 

890 

860 

860 

840 

840 

180 

1130 

1070 

1040 

1020 

990 

960 

940 

920 

890 

890 

870 

870 

190 

1150 

1090 

1060 

1040 

1010 

980 

960 

940 

910 

910 

890 

890 

200 

1160 

noo 

1070 

1050 

1020 

990 

970 

950 

920 

920 

900 

900 

210 

n6o 

noo 

1070 

1050 

1020 

990 

970 

950 

920 

920 

900 

900 

220 

1180 

1120 

1090 

1070 

1040 

1010 

990 

970 

940 

940 

920 

920 

230 

1200 

1140 

nio 

1090 

1060 

1030 

1010 

990 

960 

960 

940 

940 

240 

1230 

1170 

1140 

1120 

1090 

1060 

1040 

1020 

990 

990 

970 

970 

250 

1260 

1200 

1170 

1150 

1120 

1090 

1070 

1050 

1020 

1020 

1000 

1000 

260 

1290 

1230 

1200 

1180 

1150 

1120 

noo 

1080 

1050 

1050 

1030 

1030 

270 

1330 

1270 

1240 

1220 

1190 

1160 

1140 

1120 

1090 

1090 

1070 

1070 

280 

1380 

1320 

1290 

1270 

1240 

1210 

1190 

1170 

1140 

1140 

1120 

1120 

290 

1430 

1370 

1340 

1320 

1290 

1260 

1240 

1220 

1190 

1190 

T170 

1 1 7.0 

300 

1480 

1420 

1390 

1370 

1340 

1310 

1290 

1270 

1240 

1240 

1220 

1220 

310 

1530 

1470 

1440 

1420 

1390 

1360 

1340 

1320 

1290 

1290 

1270 

1270 

320 

1570 

1510 

1480 

1460 

1430 

1400 

1380 

1360 

1330 

1330 

1310 

1310 

330 

1630 

1570 

1540 

1520 

1490 

1460 

1440 

1420 

1390 

1390 

1376 

1370 

340 

1690 

1630 

1600 

1580 

1550 

1520 

1500 

1480 

1450 

1450 

1430 

1430 

350 

1750 

1690 

1660 

1640 

1610 

1580 

' 1560 

1540 

1510 

1510 

1490 

1490 

360 

1810 

1750 

1720 

1700 

1670 

164a 

1620 

1600 

1570 

1570 

' 1550 

' 1550 

370 

1870 

1810 

1780 

1760 

1730 

1700 

1680 

' 1660 

. 163c 

163c 

( 1610 

r 1610 

380 

1930 

1870 

1840 

1820 

' 1790 

176c 

1740 

1 1720 

> 169c 

> 169c 

1 1670 

> 1670 

390 

1990 

1930 

1900 

1880 

• 1850 

182c 

1 80c 

t 178c 

• I 7 SC 

> I 7 SC 

> 173c 

• 1730 

400 

203a 

1970 

1940 

I92Q 

1 1890 

i86c 

184c 

1 1820 j 179c 

)j 179 c 

> 177c 

1770 
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Example B 

Table 133. — Secomtd Zikc (62-ton kettle) 


Assay cold sample, 
oz. Ag per toa 

Pounds zinc to be 
added 

I Assay cold sample, 
oz. Ag per ton 

Pounds zinc to be 
added 

10 

1200 

1 35 

1500 

rS 

1300 

' 40 

1550 

18 

1350 

j 45 

1600 

20 

1375 

■ 50 

1650 

25 

1400 

! 60 

1700 

30 

1450 

I 70 

1800 


Example C. — This plant has 60- and 100- ton desilverizing kettles and 
works in the same manner as do plants A and B. In Table 134 are given the 
amounts of fresh zinc needed by a 100- and a 60- ton kettle in addition to 
those obtained from the second crusts of the preceding kettle-charges with 
softening-furnace lead bullions var^nng in their Ag-contents. Tables 135 and 
136 give the amounts of zinc needed to completely desilverize the kettle- 
contents; the amounts are governed by the hot- and cold-sample assays as 
was the case in Table 13 1. 


Example C 

T.ABLE 134. — First Zinc (ioo- and 6o-ton kettles) 


Pounds zinc to be added 


oz. Ag (Au) per ton 

1 00- ton kettle 

60-ton kettle 

60 

975 

650 

70 

1000 

675 

80 

1025 

700 

90 

1050 

725 

IOO 

1075 

750 

no 

1100 

775 

120 ! 

iizS 

800 

130 

1150 

82s 

140 

1175 

850 

ISO j 

1200 

875 

160 ! 

1 

1225 

900 


Example D . — ^This plant desilverizes in 6o-ton kettles. Table 137 gives 
the amounts of fresh zinc needed with softening-furnace charges assaying 
from 135 to 295 oz. Ag (Au) per ton, and states that 6 lb. zinc are to be added 
for every ounce silver (gold) in excess of 295 oz. Ag (Au) per ton. Table 138 
gives the zinc needed in the second zincking. In case a kettle is not com- 
pletely desilverized by the second zincking, as happens occasionally, there are 
given in Table 139 the a^mounts of zinc needed to clean the kettle by a 
third zincking. 
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Example C 

Table 135. — Secoito Zinc (6o-ton kettle) 


Hot-sample assay, 
oz. Ag per ton 

Cold-sample assay, 02. Ag per ton 

I 1 

2 i 

3 1 

4 

1 5 

Pounds zinc to be added 

60 

1100 

1150 

1200 

1250 

1300 

70 

1150 

1200 

1250 

1300 1 

1350 

80 

1200 

1250 

1300 

1350 { 

1400 

90 

1250 

1300 

1350 

1400 

1450 

too 

1300 

1350 

1400 

1450 

1500 



Example C 




Table 136.- 

—Second Zinc (loo-ton kettle) 


Hot-sample assay, 
oz. Ag per ton 

Cold-sample assay, oz. Ag per ton 

L ^ 

! 2 1 

3 1 

4 

i s 

1 Pounds zinc to be added 

60 

1650 

1700 

1750 

1800 

1850 

70 

‘ 1700 

1750 

1800 

1850 

1900 

80 

1750 

1800 

1850 

1900 

1950 

90 

1800 

1850 

1900 

1950 

2000 

100 

1850 

1900 

1950 

2000 

2050 


Example D 


Table 137. — First Zinc (6o-ton kettle) 


Softening-furnace 
assay, cold sample, oz. 
Ag (Au) per ton 

Lb. 

zinc 

Soften- 

ing- 

furnace 

assay, 

oz- 

Lb. 

zinc 

Soften- 

ing- 

furnace 

assay, 

oz. 

Lb. 

zinc 

Soften- 

ing- 

furnace 

assay, 

oz. 

Lb. 

zinc 

Soften- 

ing- 

furnace 

assay, 

oz. 

Lb. 

zinc 

Soften- 

ing- 

furnace 

assay, 

oz. 

Lb. 

zinc 

Soften- 

ing- 

furnace 

assay. 

Lb. 

zinc 

135 

32s 

162 

487 

185 

625 

208 

763 

231 

901 

254 

1039 

277 

1177 

140 

355 

163 

493 

186 

631 

.209 

769 

232 

907 

255 

1045 

278 

1183 

141 

361 

164 

499 

187 

637 

210 

775 

233 

913 

256 

losr 

279 

1189 

142 

367 

i6s 

SOS 

188 

643 

211 

781 

234 

919 

257 

1057 

280 

1395 

143 

373 

166 

511 

189 

649 

212 

787 

235 

925 

258 

1063 

281 

1201 

144 

379 

167 

S17 

190 

655 

213 

793 

236 

931 

259 

1069 

282 

1207 

14s 

38s 

168 

523 

191 

661 

214 

799 

237 

937 

260 

1075 

2 S3 

1213 

146 

391 

169' 

529 

192 

667 

215 

80s 

238 

943 

261 

io8r 

2S4 

1219 

147 

397 

170 

535 

193 

673 

216 

811 

239 

949 

262 

1087 

285 

1225 

148 

403 

171 

541 

194 

679 

217 

817 

240 

955 

263 

1093 

286 

1231 

I 4 P 

409 

172 

547 

*195 

685 

218 

823 

241 

961 

264 

1099 

287 

1237 

ISO 

41S 

173 

553 

196 

691 

219 

829 

• 242 

967 

26s 

iios 

288 

1243 

ISI 

421 

174 

559 

197 

697 

220 

835 

243 

973 

266 

irii 

289 

1249 

152 

427 

175 

565 

198 

703 

221 

841 

244 

979 

267 

1117 

290 

1255 

IS 3 

433 

176 

S 7 I 

199 

709 

222 

847 

24s 

98s 

268 

1123 

291 

1261 

IS 4 

439 

177 

577 

200 i 

71S 

223 

853 

246 

991 

269 

1129 

292 

1267 

1 55 

445 

178 

583 

201 

721 

224 

859 

247 

997 

270 

1135 

293 

1273 

156 

451 

179 

589 

■ 202 

727 

225 

86s 

248 

1003 

271 

1141 

294 

1279 

157 

457 

180 

595 

203 

733 

226 

871 

249 

1009 

272 

1147 

295 

1285 

IS8 

463 

181 

601 

204 

739 

227 

877 

250 

lOlS 

273 

1153 

[Use 6 lb. zinc 

159 

469 

182 

607 

20s 

745 

22S 

883 

251 

1021 

274 

1159 

por every oz. 

160 

475 

183 

613 

206 

751 

229 

889 

252 

1027 

275 

1165 

Ag m 

excess 

161 

481 

.84 

619 

207 

757 

230 

89s 

253 

1033 

276 

1171 

1 0, 

29s 
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Exampue D 

Tabi*e 138. — :Second ZiNC (6o-ton kettle) 


Cold-sample 
assay, 02. Ag 
per ton ’ 

1 

Lb. zinc j 

j Cold-sample 

1 assay, oz, Ag 
j per ton 

1 Lb. zinc 

1 

1 

Cold-sample | 
assay, oz. Ag 
per ton 

Lb. zinc 

10 i 

1575 

65 

2085 

80 

1250 

IS 

x68o 

i 70 

2125 

81 

2270 

20 

1785 

t 71 

2135 

82 

2290 

25 

0 

V 

00 

1 72 

2145 

83 

2320 

30 

1895 

i 73 

2155 

84 

2330 

35 

1925 

1 74 1 

2165 

8S 

2340 

40 

1950 

: 75 

2175 

86 

2355 

45 

i 1980 

1 76 i 

219s 

87 

2365 

50 

2005 

! 77 i 

2215 

88 

237s 

55 

2025 

1 78 ! 

1 2230 

1 89 

2385 

60 

205s 

79 

1 2240 

90 

1 

2390 


Example D 

Table 139. — ^Third Zinc 


(6o-ton kettle) 

Cold-Sample 

assay, oz. Ag 

Lb. zinc 

per ton 

0.4 

27s 

1 .0 

330 

2.0 

440 

30 

550 

4.0 

660 

5.0 

770 

6.0 

8S0 

7-0 

9*20 


247. Desilverizing Kettles. — The kettles used for desilverization are usu- 
ally sphericalj sometimes they are ellipsoidal. They are from 3 ft. to 3 ft. 6 in. 
deep, their diameters varying with the required capacity. The early vessels 
used were the 15-ton kettles in the Pattinson process in which the labor in- 
volved demanded a kettle of not greater depth than 3 ft.; stirring in of zinc 
by hand required a kettle of about the same depth; emptying a kettle by means 
of the Steitz siphon (see below) limited the depth of a kettle to 3 ft. 4 in., as 
air at 760 mm. pressure will not balance a higher column of lead. With the in- 
vention of the Howard stirrer (Figs. 571—573) and the Miller centrifugal pumps 
(Figs- 563-568), the original limit of 40 in. to the depth has been abolished so 
that one may expect deeper kettles. 

Stirring in zinc by hand restricted the capacity of a kettle to perhaps 40 
tons lead; with the advent of the Howard stirrer, kettles were increased in 
size to hold 60 and even 100 tons softened lead bullion. 
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Kettles are usually of cast iron which, is dense, strong, and tough; they are 
best cast bottom down.^ Thirty-ton kettles are to 2 in. thick throughout; 
they have been made 23.^ in. thick at the bottom tapering to to 2 in.' at the 


ELEVATION OFTHEFT?ONT OR FIRING SIDE VERTICAL SECTION ON VERTICAL SECTION ON 

Eig.625 THE LINE C-D THE LINE B-F 



12' 6' 13 0 9’ 12 



Fifir.649 riff.550 

Figs. 525 to 554 . — Desilverizing and liquating kettles. National Smelting and Refining Co., 

South Chicago, HI. 


rim. Uniformity in thickness is more common. Sixty- and loo-ton kettles are 
heavier. A cast-iron kettle lasts from i to years when in continuous use. 
Steel kettles have not found favor in the United States; they are in use in 
1912, xcin, 321. 
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some European works in which tJie lead is refined by steam in the same kettle 
in which it has been desilverized, and give satisfaction. 

Figs. 525-554 give the details of the 30-ton desilverizing kettles and the 
liquating kettles formerly used at the National Works, South Chicago, 111 . A 
kettle is usually suspended by its rim, which rests on a circular cast-iron ring 
covering the top and sides of a brick wall. Figs. 545, 549, 550 show three 
supporting rings for the desilverizing kettle, the liquating kettle, and the 
liquated-lead kettle. The casting (Fig. 545) consists of four separate pieces, 



tiown in section by Fig. 546. They are fastened together by bolts passing 
irough flanges, as seen in Fig. 547. The casting rests on the working-platform 
[ the kettle, as shown in the front elevation (Fig. 525). It is made 9^^ in. 
wide, and incloses the 9-in. wall, which rises 18 in. above the main brickwork. 
With many kettles the support of the rim consists of a circular iron ring, covering 
only the top of the brickwork, which must be thicker than 9 in., if it is not to 
give way to the pressure of the weight of the kettle fiUed with lead. The side 
waU thus often reaches a thickness of 18 in., the iron support-ring either entirely 
covering it or leaving 2 or 3 in. exposed. ^ The place from which the kettles are 
^ Muller (Berg. HuUmm. Z., 1889, xrvm, 218) gives it as his experience that a kettle 
lasts longer if suspended from a rib cast on the kettle at half its depth. This rib would then 
form the partition wall between the fireplace and the encirding flue, which simplifies the 
construction of the brick- work. 
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fired is seen in the front elevation (Fig. 525). The horizontal section (Fig. 528) 
shows the plan of the brickwork with the ash-pits of the three kettles. 

Figs. 526, 527, 529 give more detail of the brickwork, and show the course of 
the products of combustion from the grate to the flue leading to the chimney. 
In the desilverizing kettle the flame goes from the fireplace, d (Figs. 526 and 529), 
first back and upward; it then passes around the kettle to the right, in a cir- 




cular flue (as indicated by the arrows), and leaves this at e, entering a vertical 
flue leading to the main chimney. In the liquating kettle the products of com- 
bustion go from the fireplace, / (Figs. 527 and 529), after passing under the kettle, 
straight into the flue, g. The gases from beneath the liquated-lead kettle, h 
(Fig. 529), go to the left, and join those of the liquating kettle. 

In Figs. 555-557 are shown the elevation, plan, and vertical section of a 
6o-ton coal-fiored desilverizing kettle, 10 ft. 2 in. in diameter and 3 ft. 10 in. deep, 
in. thick at bottom tapering to 2 in. at top. The i8-in. side-walls, of red 
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brick with a half-course of low-grade fire-brick, carry a heavy cast-iron plate 
which supports the rim of the kettle. Beneath the kettle are a sand-fill, shaped 
to the form of the kettle, and two flue-walls. The firing-door is i8 in. wide; the 
flame travels backward between the two flue-walls, passes to the left (Fig. 556), 
encircles the upper part of the kettle, and then enters the flue. The working- 
platform is on the same level as the floor of the softening furnace; the vertical 
distance between the floors of the softening and refining furnaces is ii ft. 9^ in., 
a stair-case connecting the two. 

In Figs. 558-560 are given a horizontal and two vertical sections of an oval 
oil-fired 8o-ton desilverizing kettle, 8 by 13 ft. and 3 ft. 6 in. deep, and in Fig. 561 
the detail of the band which encloses the kettle-frame. The horizontal section, 
Fig. 558, shows a frame-work of hea\^ T-shaped castings, which are anchored 
in the ground and tied at the tops with a soft-steel band represented in Fig. 
561. In the frame is erected the brick wall which carries the kettle. The wall 



Fig. 561, — Detail for band of eighty-ton kettle. Fig. 562. — Steitz lead siphon. 


is covered by a hea\y cast-iron plate with flange which encloses the tops of the 
frame. The heating chamber, or lead-pit, has the form of an inverted arch; 
it is provided with an entrance 3 ft. wide. The kettle is heated with three 
oil-burners, two placed near one end of the kettle and the third near the other. 
The products of combustion are withdrawn through three ports; two end in 
9- by 1 2-in. flues of No. 14 steel plate which deliver the gases to the main down- 
take; the third is close to the latter, which passes into a main flue under- 
ground, connected with a chimney. 

Desilverizing kettles -were formerly emptied by a discharge-pipe cast in the 
bottom of the kettle and running out through the brickwork. It was closed 
either by a slide-valve on the outside (similar to the lead discharge of the Luce- 
Rozan crystallizer), or by a clamp and thumbscrew on the inside. In 1877, A. 
Steitz invented^ his siphon which quickly replaced the tapping spout, and until 
recently was preferable to any other means for emptying a kettle. A common 
form of it is shown in Fig. 562. It consists of a piece of gas-pipe, a, from 2 
to 2^^ in. in diameter, bent so as to reach from the rim of the kettle to the bottom. 
Here it has an elbow, b, screwed to it to prevent the lead column from breaking. 
To the other end is attached, also by an elbow, c, the vertical section-arm, d, 
having a cast-iron stop-cock, e, near the lower end. The siphon discharges the 
^ U. S. Patent, No. 196997, Nov. 13, 1877. 
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lead into a cast-iron trough of ^-in. iron or a channel-iron or an I-beam which 
carries it ’into the refining furnace. 

Since the advent of the Miller centrifugal lead pump the Steitz siphon 
is being replaced by the former wherever conditions permit this exchange, 
as it empties a kettle very quickly, e.g., 6o tons lead in from 12 to 15 min. 
through a 2-in. pipe, the shaft driven by a lo-h.p. motor making 800 r.p.m. 
This pump was installed in 1905 at Trail, B.C.;^ it replaced the Roesing pump^ 
which had been in operation, and had given much trouble on account of 
repairs and the formation of large amounts of dross. The pump is an iron 



Figs. 563 to 566. — Miller centrifugal lead pump and support. 


vertical submerged centrifugal pump, No. 3,^ which has a suction of 2.5 in., 
and a discharge of 2.5 in. in diam., is rated at 150 gal. water per min., and 
costs $55. The pump is run at from 400 to 500 r.p.m. depending upon the 
amount it is desired to raise in a given time. At Grasselli, Ind., a similar 
pump 8 in. in diameter with a 2-in. discharge is in operation for molding bars. 
In order to have an even flow of lead, the vertical stand-pipe in which the lead 
rises, has a special discharge opening in the side. By keeping the lead in the 
pipe above the discharge opening, there is an even flow through the molding 
pipe which fills the molds uniformly and does away with splashing or slopping. 

^ Miller, JSfig. Min. J., 1913, xcv, 386. 

^Eng. Min. J., 1885, xr, 366; Berg. HitUenm. Z-, 1889, XLyiii, 262; Zt. Berg. Eiitt. Sal. 
W. i. Fr., 1893, XLi, 284. 

^Rumsey and Co., Ltd., SeneealFalls, N. IT. 



542 


METALLURGY OF LEAD 


A Miller pump witJi its frame-work is shown in Figs. 563—566, and the im- 
peller and shaft in Figs. 567 and 568. The frame (Figs. 563 and 564), 12 ft. long 
by 5 ft. in. and 4 ft. 6 in. high, is handled from an overhead crane. It carries 
in the center a division, 2 ft. square, which holds an 8-in. pipe to which is at- 
tached a 1 2-in. casing with foot-piece and a 2-in. delivery-pipe (Figs. 565 and 
566). The 1 2-in. impeller (Figs. 567 and 568) is attached to a vertical shaft, 
I in. in diameter, which is driven by a vertical lo-h.p. electric motor (not 
shown) at the rate of 800 r.p.m. When in operation, the frame rests upon the 
rim of the kettle; a steel-plate platform, 30 in. wide, on either side of the cen- 
tral division provides a standing place for the attendant. 



248. Liquating Apparatus. — In connection with the desilverizing kettle must 
be discussed the apparatus required for liquating the zinc crusts. Three have 
been in use. The last has about replaced the other two in use. 

The first is shown in Figs. 552-554, page 537. It consists of a shallow 
kettle placed on the same level with the desilverizing kettle and close to it. 
The bottom is convex in the center, in order that the discharging spout may 
be shorter than would be possible if the kettle had the usual spherical form. 
Formerly a perforated cast-iron disk (an old skimmer) was placed inside the 
kettle, over the opening into the spout, to prevent particles of crust from pass- 
ing off with the liquid lead; this has been given up at some works, as the 
perforations easily become clogged, and when open do not prevent fi.ne particles 
from being carried off by the liquated lead. This runs from the spout into a 
small spherical kettle, whence it is bailed out after it has been skimmed. 

The drawings given in Figs. 497 and 498 show for every desilverizing kettle one 
liquating kettle with its liquated-lead kettle. This presupposes that no dis- 
tinction is made between gold crusts and silver crusts. Where the crusts are 
kept separate, the desilverizmg kettle wiU have a liquating kettle on either side, 
one for the gold crust, the other for the silver crust; the liquated crusts as well 
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as the liquated lead from the two small spherical kettles being kept separate. 
With a plant where the two crusts are kept separate, the distance of 32 ft. 
between the centers of the two desilverizing kettles, as shown in the general 
plan (Fig. 498), will be too small; it will have to be enlarged sufficiently to 
leave a passageway between the two small liquated-lead kettles. 

The second apparatus is a reverberatory furnace placed on the floor of the 
desilverizing kettles. It may be built as follows: The hearth is a cast-iron 
plate, 10 by 5 ft., slightly trough-shaped, and having a rim 4 in. high along the 
sides. To the lower end a spout is attached, which discharges the liquated lead 
outside of the furnace into a small liquated-lead kettle of the same form as the 
one described, the rim of which is on a level with the working floor. The plate 
has an inclination of 3 in. It lies on a bed of brasque, which is tamped into a 
wrought-iron pan supported by transverse rails resting on two longitudinal 
walls. The furnace has two working-doors on one side. The writer prefers 
the reverberatory furnace to the liquating kettle, as he obtained from it in a 
shorter time than from the kettle a dryer crust, and thus a richer bullion, with- 
out driving some of the silver from the crust back into the liquated lead, as often 
happens with the kettle. The reason for the better result in the reverberatory 
furnace is probably that the lead can be gradually eliminated at a slowly in- 
creasing temperature in a partially reducing atmosphere, which prevents the 
oxidation that always takes place in a liquating kettle on raising the temperature 
to the required degree, even if it be covered with a sheet-iron plate. Suppos- 
ing, however, the liquation to be equally good with the two apparatus, there 
remains this advantage for the reverberatory, that the liquation of the silver 
crusts of several systems can be performed continuously in one furnace, which, 
being separated from the desilverizing kettles, does not disturb the work there, 
and which collects all the rich crusts into one place, whence they are delivered 
through a chute into the bins of the retort-room. With a small plant a liquat- 
ing reverberatory furnace of any reasonable dimensions would not have suffi- 
cient work to do to pay for the extra labor. The Hquating kettle would have to 
be used, even if it obstructs to some extent the work in the desilverizing kettle. 
The preference for the reverberatory furnace is not general, as several impor- 
tant refining works adhere to the hquating kettle. 

The third apparatus is the Howard alloy press,^ shown in Figs. 569 and 570. 
It consists of a steel frame, usually suspended from an overhead crane. Fig. 
499, which carries near the upper end a cast-iron air- or steam-cyhnder of 27- 
in. bore with a piston of 1 2-in. stroke, and at the lower a heavy perforated tilt- 
ing cast-iron plate. The plate forms the bottom of a movable|^cast-iron ring, 
with flaring inner side, which is held in position by flanges ghding on a vertical 
member of the frame. The ring in its lower position rests on the perforated 
bottom-plate, and is suspended in its upper position, by means of lugs, from the 
plunger, which has projecting teeth on the lower side. When filled with crust, 
the frame is raised to elevate the bottom-plate above the surface of the lead; 
the plunger is forced downward to remove, with a pressure of 90 lb. per sq. in., 

4 XJ, S. Patent Jfo. 5637691 July 14, 1896; later form, Mm. Ind., 1903. xi, 453. 
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the excess lead carried by the crust, which flows back into the kettle; and the 
ring is then attached to the plunger. The whole apparatus is now swung to 
one side, the bottom-plate carrying the squeezed crust is lowered, tilted by 
means of a lever, and the crust dumped. The bottom is returned to its original 
position; the plunger carrying the ring is raised, the bottom following suit until 
it encloses the plunger; the ring is detached from the plunger and rests again 
on the perforated bottom. The apparatus is now returned to its original 
position over the kettle, and lowered until the ring is partly submerged in the 



lead, when it is ready to receive fresh crust. The dumped crust is easily broken 
to nut-size pieces while hot, so that it may be charged into the retort. This 
may be done by flattening on the floor with the back of a shovel or working 
with a rake or hoe. Another method is to work the crust through a cast-iron 
box, 24 by 18 in. and 3 in. high, having a bottom 3^^ in. thick with openings 2 in. 
square. 

The press is used almost ever3Wirhere for freeing rich silver crust from ad- 
hering lead; it also finds application in removing entangled lead from drosses 
while they are being skimmed from lead which has been melted in a kettle. 
The advantages of the press are, that it does away with liquating kettles and 
reverberatory furnaces as well as all extraneous heat, thus giving more room 
around the kettles and simplifying and cheapening the operation (one press 
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serving a number of kettles); that, not being oxidized, the crust gives up its 
lead readily; and that the liquated lead flows directly into the desilverizing 
kettle where it belongs. 

The practice of liquating zinc crusts in a spherical kettle without a lead-dis- 
charge and removing the liquated crust floating on the liquid lead with a skim- 
mer is antiquated, if the crust is to be distilled; and justly so, as it is impossible 
to obtain in this way a dry crust that is satisfactory. If the temperature of the 
lead be raised sufficiently high to obtain a dry crust, a considerable quantity of 
it will be redissolved by the lead. It will rise again to the surface when the lead 
cools, but it will be rich in lead, and at the same time low in silver. This method 
is in operation with the second or final unsaturated crust which is cast into 
molds and goes into the next kettle-charge to take the place of part of the new 
zinc that is to be added. 

249. Mode of Conducting the Desilverization and Results. — The lead bul- 
lion is tapped from the softening furnace, run into the desilvering kettle in 
about I hr., and is then drossed in about 20 min. It represents about 
90 per cent, of the bullion charged into the softening furnace. The bullion 
in the kettle is heated above the melting-point of zinc (419° C.), if neces- 
sary, but usually its temperature is already higher than that of the kettle. 
The drossed bullion receives 10 ± tons of floor zinc, i.e., the unsaturated zinc 
crust from a preceding second zincking which has been skimmed into molds, 
say 18 by 48 by 9 in. The cakes are melted in about i hr., then slabs of spelter 
for the first zincking are added, and melted, and the whole stirred mechanically 
for about 20 min. The rising crust is skimmed and pressed at a tem- 
perature of 480 to 510° C. in from i to 1 }/^ hr. 

At some works the floor zinc is first charged into the kettle; when molten, 
there is added the spelter; and then only the lead bullion tapped into the kettle 
from the softening furnace; and the whole stirred for 20 to 30 min. Operators 
following this mode of procedure find or believe that the desilverization pro- 
gresses more quickly and satisfactorily. 

Whatever may be the sequence of charging the kettle with lead bullion, 
unsaturated zinc crust, and spelter, the crust and spelter have to be incor- 
porated in the lead bullion in order to bring the zinc into intimate contact 
with the precious metal; and this is accomplished by stirring. 

At some works, following the example of Raht,^ there is added to the kettle, 
before stirring, a shovelful of salammoniac, about i lb. to 10 tons of lead, as it 
is said to counteract oxidation of crust and to assist in keeping the tools clean. 
Attention may be called to the use of this salt by Roessler and Edelmann,^ 
in their experiments upon the Roessler-Edelmann process (§244), to free zinc 
crust from oxidized material. 

Hand-stirring. — Formerly all zinc used to be stirred in by hand; this is still 
done at some works with the second zincking. In the late seventies steam 
was first used by Eurich at the works of the Pennsylvania Lead Works, 

^ TJ. S. Patent No. 826114, July 17, rgo6. 

® Berg. HuUenm. Z., 1.890, xrix, 245. 

36 
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Carnegie, Pa., and his example was followed by other plants. This method 
has had to give way to the Howard mechanical stirrer. 

In hand-stirring, a paddle is used, consisting of a perforated disk 12 in. in 
diameter, riveted to a handle 6 ft. long, having a cross-piece as hand-hold. 
Two men standing opposite each other do the stirring. They insert the paddles 
vertically at the rim of the kettle, push them downward toward the center, then 
raise them, using the rim of the kettle as a fulcrum, and draw them, with the 
disks gliding on the lead, from the center toward the periphery, giving the lead 
a rotary motion; this they reverse every five minutes, and thus insure an inti- 
mate mixing of zinc and lead. This stirring-in, which lasts from one-half to 
three-quarters of an hour, is hard for the men. 

Steam-stirring , — The effect of steam when introduced into lead containing 
zinc varies with the temperature of the lead. 

1. If the temperature of the lead be below the melting-point of zinc, i.e., 
the temperature when the kettle is skimmed, the steam will bring to the surface 
a zinc crust, and with it some of the silver contained in the lead. 

2. If the temperature be slightly above the melting-point of zinc (stirring 
in time), the steam will cause a thorough mixing of zinc and lead. 

3. If the temperature be between a dark-red and an incipient cherry-red, 
the steam will cause a scum to rise, containing about 3 per cent. Zn, which does 
not, however, take any silver away from the lead.^ 

4. If it be a clear cherry-red, the zinc will decompose the steam; the resulting 
zinc o.xide (mixed with lead oxide) collects as a powder on the surface of the 
lead. 

The steam must be absolutely dry if violent explosions are to be avoided. 
The condensed water is separated by a steam trap placed beneath the working- 
platform. To the vertical pipe coming through the platform is fastened by 
means of a coupling a small piece of pipe, to which is joined by two elbows (with 
a nipple intervening) a horizontal pipe, w^hich reaches to the center of the kettle. 
An elbow connects it with the vertical pipe, that wiU reach 24 in. into the kettle 
when in place. Before the steam valve is opened, the vertical pipe is turned 
up, in order that the steam may first pass out into the air to warm the pipe and 
to expel any condensed water. The pipe is then turned down and weighted 
with a bar of lead to keep it in place. When the steam is turned on, the waves 
of lead caused by the first ascending bubbles wiU drive the zinc floating on the 
lead toward the rim of the kettle, and hardly any of it would become incorpo- 
rated with the lead if it were not pushed toward the center of the kettle, to be 
drawn into the lead by the downward current close to the steam-pipe. The 
zinc crusts that rise to the surface, soon after stirring in has begun, are also 
pushed toward the center, that they may take up more silver. Thus the zinc 
and then the crusts pass down at the center, and come up again nearer the cir- 
cumference of the kettle, whence they are again pushed toward the center. 

The tool used for this purpose is a wooden hoe, consisting of an inch board, 

I 2 by 18 in., into the center of which is inserted an inch lath from 8 to xo ft. long. 

^ Roesing, Zt, Berg, HUtten. Sal, W. i. Pr., 1889, xxxvrx. ,76, 77, 
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Mechanical Stirring . — This became successful only with the invention of the 
“Howard Zinc Stirring Machine and Cover’" invented by W. H. Howard^ and 
first put into operation at the refinery of the Pueblo Smelting and Refining Co., 
Pueblo, Colo. The mechanical stirrers of Cordurie and others^ had became 
obsolete many years ago. The latest form of the Howard stirrer is given in 
Figs. 571-573- It consists of a steel frame-work, suspended from an overhead 
crane, which carries a cover, a stirrer, and a 4-by 5-in. oscillating engine. The 
cover, of sheet-iron strengthened by T-irons, has an angle-iron flange which 
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Figs. 571 to 573. — Howard zinc-stirring machine and cover. 


dips into the lead when the machine is in place, and seals the surface. This 
prevents air from passing over the metal surface while the zinc is being stirred 
in; and the air, being a bad conductor of heat, reduces loss of heat by radiation. 
The stirrer is a vertical shaft with four propeller blades which revolve in a 
sheet-iron cone suspended from rods to a depth that it is to be immersed in the 
lead. The oscillating engine rotates the propeller shaft through a double crank 
and a bevel gear at the rate of no r.p.m. 

With the elliptical 8o-ton kettle, shown in Figs. 558-560, two propellers 
with a central engine are in use. 

U. S. Patent No. 529617, Nov. 20 , 1894. 

® Griiner, ‘T’6tat actuel de la m6tallurgie du plomb,” Dunod, Paris, x868, 72. 
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By the action of the propeller the metal in the inclosing cone is forced out at 
the bottom, being constantly replenished from the top. Thus a perfect cir- 
culation and stirring in, first of the zinc and of the zinc crust that has risen to 
the surface, is obtained in the short space of lo min. with a 3o--ton kettle, and 
in from 20 to 30 min. with a 60- or loo-ton kettle. By reversing the engine 
the flow of metal will be in the opposite direction. As the air is almost com- 
pletely excluded, the oxidation of zinc and lead is greatly reduced. 

The stirrers used at present are -^wthout cover, as this makes the apparatus 
cumbersome, and as the advantages expected from it have not been fully real- 
ized. It is true that some oxide is formed which collects in a small heap on the 
crust at center, but the amount is insignificant. 

Most refineries have also given up the central cone, as with the propeller 
shaft running at the rate of 130 to 140 r.p.m., there is formed a vortex nearly as 
large as the cone. It also has been found that reversing the rotation of the shaft 
is unnecessary. 

In outline the mode of operation is as follows: When the softened lead bul- 
lion in the kettle has been drossed and brought to required temperature, cakes 
of crust from the preceding second zincking are charged, and the new zinc 
added. The temperature of metal bath ought to be about 900° F. (=482° C.). 
The Howard stirrer, which has been lowered and put in place, is rotated for 
from 20 to^3o min. ; it takes some time for the floating zinc crust from the charged 
cakes to become thoroughly incorporated. The first crust is now taken and 
pressed hot in a Howard press in from to 2 hr. Hot and cold samples are 
taken and assayed. The second zinc addition is made and stirred in with the 
Howard machine. The kettle-contents are now cooled by banking the fire 
under the kettle, and by spraying water, at center on the surface of the metal 
bath, from a pip® which has small perforations on the lower side and is 

closed at the end. The crust is taken off in from to 2 hr. 

In stirring in the zinc, it is of importance that the lead have the correct 
temperature; if the latter is too low, the zinc will be imperfectly incorporated; 
if too high, the crust will run too low in precious metal. Whether this is due 
to the crust taking up lead, or the lead dissolving crust is not definitely known, as 
the beha\dor of Ag2Zn3 in this respect has not been studied. The work of 
Alder-Wright and Thompson, ^ Kheman and Hofmeier,^ and Bagitsch^ lead one 
to believe that the crust is dissolved in lead. Refiners stir the zinc into lead 
bullion which has been brought to a temperature ranging from 480 to 510° C. 
Large-scale tests by Newton^ have shown that in stirring in the zinc at 705° C., 
over 40° C. above the freezing-point of Ag2Zn3, and removing from the crust the 
excess-lead with a Howard press the assays of the crust, or rather of the resulting 
retort bullion, increased with temperatures falling to about 500° C., and then 
decreased owing to the inability of the press to remove the excess-lead at the 

^Froc. Roy. Soc., 1S90, xrvm:, 32; Eng. Min. J., 1890, l, 718. 

^ Monatsherfie Jur Chemie., 19 ix, xxxn, 563, 597. 

* Compt. rend., 1914, clix, 1781. 

* Tr. A.. I. M. B., X915, 12; 786. 
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prevailing low temperature of 400 to 430° C., even with a pressure of 90 lb. 
per sq. in. 

It was formerly the custom to cool the lead after each zincking in order that 
the crust might separate as much as possible from the lead, and be skimmed ofi 
completely. This practice, which takes about 3 hr. for every zincking, prevails 
with the second crust, but has been abandoned with the first, as already shown. 
When the first zinc has been incorporated in the lead, the kettle is skimmed 
with the fire kept going on the grate. When skimmed, hot (gum drop) and 
cold samples are taken. The hot sample is poured from the ladle as soon as it 
has been taken; the cold is poured after the ladle-content has cooled sufficiently 
to allow all the crust to rise to the surface and to permit casting a -sample of 
clean lead. The cold sample represents the condition in which the lead in the 
kettle would be after cooling and skimming all the crust. The zinc necessary 
for the second zincking is found in Tables 13 1, 133, 135 and 138. By taking hot 
and cold samples and proceeding without cooling the kettle, a considerable 
saving in time is attained. At present the two usual zinckings require 8 hours 
excluding the inflow of the lead, but including the outflow. With the older 
method of operating, each zincking of a 6o-ton kettle lasted not less than 6, 
and often 8 hours. 

When the first zinc-silver crust has been removed, and the second zinc has 
been added and stirred in, it is necessary to remove all the crust that can be 
made to rise to the surface. For this purpose the kettle-content has to be cooled. 
Usually the fire on the grate is removed or damped with slack coal, and the 
fire- and ash-pit doors, and the damper in the flue are thrown wide open that air 
may rush through the fireplace and cool the kettle. 

A number of devices for hastening the cooling have been tried, but had to 
be given up. Thus Meyer^ used water-cooled pipes bent to the shape of the 
kettle. Others have blown air on to the lead through a pipe, 4 to 5 in. in 
diameter, suspended vertically so as to be about 3 ft. above the bath. Water is 
frequently sprayed on to the lead, as shown above; and the last two blocks of 
second crust from the preceding charge are added to assist in the cooling; in 
addition steam is blown through the bath, which also assists in raising to the 
surface the last particles of crust. 

When the lead has cooled sufficiently for the crust to adhere to the sides 
of the kettle, the crust is removed with a skimmer; its disk, made of 3=''^-in. 
iron, is from 15 to 18 in. in diameter, and the handle, of i^'^-in. gas-pipe, is 7 ft. 
long, having a cross-piece as hand-hold. The work is facilitated by suspending 
the skimmer from a hook, which acts as a lever; or the kettle-rim has a fork 
which acts similarly. Two men work together. One man with a wooden hoe 
pushes the crust toward his partner, who takes it up with the skimmer. 
Before discharging it into the Howard press or the mold, it is important that 
the skimmer be well jerked several times, in order that as much lead as possible 
may be drained off into the kettle, and the crust obtained become dry. Toward 
the end of the operation both men have to work very slowly and carefully to 

^ Mim, Sc. Press, 1882, xmr, No. 5:, Berg. HaUenm. Z., 391. 1882, XLi, 
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avoid pushing the crusts back again into the lead, which would retard the work. 
When the crusts have been removed from the surface, the alloy adhering to the 
side of the kettle has to be brought to the surface. This is done by scraping 
the kettle, first with a chisel-pointed bar and then with a wooden lath. The 
blade of the bar is of steel, 2 by 4 in., and the handle of i-in. round iron. 
Skimming and scraping are generally repeated twice, after which no more 
crusts will rise to the surface. It takes from i to 2 hr. to perform this 
operation. When finished, the fire under the kettle is started, and the kettle 
heated up for the next zinc. The time required for heating is i to 2 hr. 
The second crusts are usually collected in molds or discharged on a white- 
washed iron plate. Such a mold 
is shown in Figs. 574 and 575. 
There the crusts remain until 
needed, when the molds are raised 
and emptied by means of a crane, 
or one end of a plate is raised by 
block and tackle, and the crusts 
are slid into the kettle. 

After each skimming, samples 
are taken, and 3^-^ assay-ton 
samples are assayed for Ag to 
check the progress of the desilver- 
ization. After the last silver 
crust has been removed, the assay 
should show 0.2 oz. Ag per ton, 
or less if corroding lead is being 
made. Should it prove to be 
slightly higher, say 0.4 or 0.6 oz., 
the introduction of steam at the 
Figs. 574 and 575. — Mold for zinc crust. low temperature of the kettle 

after the last crust has been taken 
off, will be effective in causing more silver-bearing zinc crust to be given off 
by the lead, as stated above. If the steam is used from one-half to three- 
quarters of an hour, the silver-contents of the kettle will be reduced, and 
thereby generally an entire zincking saved. 

The weights of the crusts vary considerably as do the amounts of silver they 
take up. Assuming a 60- ton kettle, and 150-oz. lead bullion, the first crust 
will weigh 52001b., and the partly desilverized lead will assay 40 to 60 oz. Ag 
per ton; the second crust will weigh 18,000 to 19,000 lb. corresponding to five 
cakes, and the desOverized lead will retain <0.2 Ag per ton. 

The concentration of silver from lead bullion in retort bullion is as 
25 : r. One ton fresh lead bullion requires 15.3 lb. or 0.765 per cent, zinc; with 
the second crust added to the kettle, this figure is reduced to 14 lb. or 
0.700 per cent. The older practice required 1,25 per cent. zinc. Two zinck- 
ings require 8 hr. excluding running in, but including running out of lead. 
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Two men do the work on a kettle; each kettle has its fireman, who in sum- 
mer may have a helper. There are required about 2 tons coal in 8 hr.; this 
corresponds to 40 to 60 lb. per ton of lead bullion, depending upon the capacity 
of the kettle. 

In connection with desilverization may be mentioned an excellent custom 
of breaking up unwieldy old kettles that have been set aside on account of 
leakage or corrosion. This is done by filling the kettle with water and suspend- 
ing a dynamite cartridge from a floating board so that it nearly touches the 
bottom. When this is exploded, the water will be thrown up into the air and 
the kettle broken into five or more pieces, which can be easily handled and 
shipped to the foundry. Another method, which has come into use, is the 
acetylene cutting. 

250. Refining Desilverized Lead, General. — The desilverized lead retains, 
after the last crust has been removed, from 0-6 to 0.7 per cent. Zn, according 
to the temperature that prevailed at the last skimming. To remove this, and 
also small quantities of As and Sb that were either not entirely taken away 
during the softening, or that were introduced with the zinc used in desilverizing, 
the lead must undergo a refining process. 

From the desilverizing kettle the lead is siphoned or pumped into the appa- 
ratus used for refining, which is in most American refining works a reverberatory 
furnace, occasionally a spherical kettle. 

The siphon (Fig. 562) is heated and filled by immersing it in the kettle, the 
stop-cock being open. When it has attained the temperature of the lead and 
is filled entirely with it, the stop-cock is closed with a key, the longer arm taken 
out with' long-handle tongs and suspended, and the shorter one held down in the 
lead. The stop-cock is then opened, and the lead runs out into a trough, which 
discharges into the refining apparatus. To keep the siphon in place it is 
weighted by a couple of bars of lead. If the lead column breaks when the 
kettle has, for example, been half-emptied, and it is not possible then to fill 
the siphon again in the usual way, it will be necessary to invert and fill it by 
ladling; for this purpose an iron funnel may be used to avoid delay. But the 
breaking of the lead column is a very rare accident. 

The Miller lead pump has been discussed in connection with Figs. 563—566. 

251. Refining Desilverized Lead in the Reverberatory Furnace. — The 
general construction of the reverberatory furnace used for refining is the same 
as that for softening. Formerly it was customary to make the refining furnace 
smaller than the softening furnace, in order that it might correspond to the 
smaller amount of lead it had to treat. At present it is more common to give 
the refining furnace the same dimensions as the softening furnace, only making 
the hearth slightly shallower. The arrangement for tapping is usually the 
same in both furnaces. If, howevey, the refined lead is to be conveyed directly 
from the furnace into the molds instead of being molded from a storage rever- 
beratory furnace or a “Merchant kettle,” the tap will be slightly different from 
that of the softening furnace. 

The mode of operating is similar to that in the softening furnace. When 
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the furnace is filled, the fire is urged for 3 or 4 hr. to bring the lead to a cherry- 
red, as a high heat is required to burn off the zinc. A bar inserted into the bath 
should be red hot after a few minutes. The zinc is partly volatilized and 
carried off with the fumes, and partly oxidized and scorified by the litharge 
which forms at the same time. After heating about 4 hr. the surface of 
the lead will be covered with a hea\’y litharge-like skimming. The doors are 
thrown open to cool the surface of the metal, the skimming is removed, and 
a second heat given, after which cooling and skimming are repeated. A third 
heat is often necessary to slag the last traces of Zn and Sb. When these are 
completely removed, the litharge drawn from the surface of the lead by means 
of a rabble should be in large, thin plates. It should have, while hot, a bright 
yellow color when seen in bulk, and a greenish yellow when held up to the light; 
no brown spots (antimony) should be visible. If these large flakes of litharge 
should become dark or show spots after having been exposed for some time to 
the air, the lead is not sufficiently refined to satisfy the requirements for corrod- 
ing lead. 

A bar of lead molded at the correct temperature should show on the surface 
fern-like crystalline forms, the branches at right angles to the main axis. If 
the lead is not sufficiently refined, there will form on the surface in addition to 
the fern-like crystals, small bunches of crystals similar to snowflakes, which 
disappear again when the bar solidifies completely, leaving the surface finely 
crystalline. A ladle filled and emptied two or three times with lead will show 
in the bowl the blue color of a bar of refined lead, if all the impurities have 
been removed. Lastly, a bar of lead will often show on the lower side of the lip 
a blue color, if the lead has been satisfactorily refined, although the absence 
of this color will not prove that the lead is of inferior quality. 

In firing the refining furnace, it is essential that the temperature to be 
raised quickly to the necessary intensity, and kept there. If it is allowed 
to fall even a little, the burning off of the zinc will be greatly retarded, and 
with it the dependent operations. 

In order to hasten the operation, steam is used. In addition to the mere 
mechanical effect of stirring, it acts chemically by being decomposed by the 
zinc. It is introduced through four or six ^-in. pipes inserted into the lead 
through the doors so as to nearly touch the hearth. The steam pressure is 
correct when the lead is thrown upward about i ft. In order to obtain 
skimmings thoroughly melted and free from lead, it is essential to keep the 
temperature high; if it is too low, the skimming is likely to be powdery and 
filled with shots of lead. Steam, if rightly used, will not increase the amount 
of skimming. 

The refining with steam is continued until all the zinc has been oxidized. 
Skimming is begun as soon as sufficient oxide has been formed, and is continued 
until the charge has been freed from zinc. Two men, each with helper, remove 
the skimming and transfer it into a perforated pot. 

The time required for refining without the use of steam, ranges from 10 to 
15 hr.; with five or six steam-jets, it is 6 or 8 hr. including filling and 
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emptying of furnace. The 
refining skimming amounts 
to about 5 per cent, of 
the bullion charged, and 
contains about 90 per cent. 
Pb. At first it is dry, but 
becomes mushy toward the 
end of the process. The 
coal consumed in refining 
used to be about 120 lb. per 
ton of unsoftened bullion, 
corresponding to about 7 
gal, of reduced oil, air being 
used as atomizer. At pres- 



ent a 1 00- ton furnace burns 
in 24 hr. about 5 tons coal 
and treats three charges. 

252. Refining Desilver- 
ized Lead in the Kettle. — 
The second method of refin- 
ing desilverized lead is the 
one invented by Corduri^, 
who introduced steam into 
i the lead heated up to cherry- 
1 redness, the oxidized zinc 
I collecting in the form of a 
ipowder on the lead. As the 
:air cannot be excluded from 



tthe surface, and as it is also 
fcarried in by the steam, 
some of the lead is oxidized, 
and the pulverulent yellow 
mass floating on the surface 
consists of a mixture of lead 
and zinc oxide and finely 
divided shots of lead. The 
composition of these oxides^ 
when taken from the kettles 
at the Lautenthal Smelting 
and Refining Works (Prus- 
sia) is Sb205 1.893, Fe203 
0.986, ZnO 23.775, PbO 
37.933, Pb 34.236 per cent. 

^ Zt. Berg, Uutten, Sal, W. i, 
;JRr*,.4:89Q,^'XXXVm,, 272, 
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The lead bullion at Lautenthal is desilverized without previous softening; 
hence the high percentage of Sb. 

An analysis of the oxides taken from the refining kettle of the Pueblo Smelt- 
ing and Refining Co. gave, according to Howard: ZnO 12.5, PbO 6.0, Pb 81.0 
per cent. 

The larger shots of lead of the oxides at Lautenthal are separated by screen- 
ing, the finer ones by washing over an inclined plane. The impalpable powder, 
forming 15.44 per cent, of the whole, floats off and is settled in vats, dried in a 
reverberatory furnace, and forms a reddish yellow paint of good covering power. 
It consists of 60 to 67 per cent. ZnO, and 33 to 40 per cent. PbO. The residual 
shots of lead are smelted at intervals for a second-class lead, as they contain 
some antimony- 

AtLautenthaT (Figs. 576 to 578) the cast-iron kettles (6 ft. in diameter, and 
3 ft, 2 in. deep, holding 123-^ metric tons of lead) are heated, after the desilveri- 
zation is finished, in 4 hr., to a cherry-red; superheated steam, having a 
pressure of from 29 to 36 lb. per sq. in., is then introduced through a cast- 
iron pipe, 3, bent to the form of the kettle, so that the steam enters at the bottom. 
After 2 hr. all the zinc has been oxidized. In order to decrease the loss of heat 
by radiation, to keep off the air, and to prevent the oxides from being lost, 
the kettle is covered by a movable sheet-iron cylinder, which has near the lower 
r im two opposite doors (4.M square), and the opening for the steam-pipe. 
It ends in a conical hood which leads the vapor and dust through a sheet-iron 
pipe into the main flue, terminating in a dust chamber. The cylinder, with its 
hood and pipe, is suspended by a running differential pulley from a traveler. 
For every 100 lb. of unsoftened bullion, there are produced 4.67 lb. of paint, 
w^hich is higher than the percentage of skimmings in the reverberatory furnace, 
as the paint forms but a small part of the total lead taken out of the kettle. 

It used to be the practice to steam in two stages. At first the doors in 
the hood were kept closed so as to exclude the air as much as possible. When 
the zinc had been oxidized, the hood was removed, and the oxides were taken 
from the surface of the lead by means of a perforated skimmer. The hood was 
then put again in place, the doors were opened, and steaming was resumed with 
the object of removing the Sb in the form of antimony skimming, which was 
taken from the lead when this had cooled sufficiently. The changes in com- 
position of the lead which take place during steaming, as given by Waldeck,^ 
are shown in Table 140. 

Part of the steam refining plant of the Pueblo Smelting and Refining Co., 
Pueblo, Colo., is shown in Figs. 579 and 580. The kettle, 8 ft. 1% in. in diam- 
eter, and 3 ft. deep, is intended to treat 20 tons of desilverized lead. Its rim 
has two concentric rings forming ridges, between which is a groove to receive 
the bottom of the hood. The air can then be entirely excluded by sealing the 
joint with sand or oxides. The sheet-iron hood is raised and lowered by means 

^Priv'ate notes, 1890; Illustrations from. Schnabel-Louis, “Handbook of Metallurgy,” 
Macmillan, London, 1905, r, 550. 

* ‘ Streifziige durch die Blei und Silberhiitten Oberharzes,” Knapp, Halle, 1907, 57, 
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Figs. 579 and 580- — Lead-refining kettle, Pueblo, Colo. 


of a differential pulley suspended from a traveler, and joined by a vertical pipe 
to a suspended horizontal main leading into the dust chamber. The dimensions 
of these pipes are smaller than those of the pipes at Lautenthal, because the 
former serve only two kettles, whereas the latter are intended for a larger 
number. It takes 3 hr. to heat up the kettle, and 3 hr, to steam it, about 
1700 lb. of oxides being produced. 

If the kettles were made larger, there would be danger of the bottom becom- 
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ing weak in keating up the lead to the required temperature, and yielding to 
the pressure in steaming. 

Instead of using steam, Savelsberg introduced into the pipe a fine spray of 
water under a pressure of 40 lb. per sq. in. which is converted into steam by 
the heat of the lead. The valve of the water-main and the pipe leading into 
the kettle are connected by a copper coil which takes up the shocks caused 

occasionally by the admission of 
an excess of water which is not 
converted into steam. 

For the success of freeing de- 
silverized lead from zinc it is 
essential that the lead be kept at 
a cherry-red, as then the zinc, 
and incidentally some lead, will 
be quickly oxidized, and float on 
top of the lead in the form of a 
fine powder readily removed with 
a skimmer. If the temperature 
sinks, the time of steaming is 
lengthened, and the oxide formed 
will be mushy and retain a large 
quantity of shots of lead dissemi- 
nated through it. Kuhlemann^ 
gave the following facts as to the 
elimination of zinc: After steam- 
iiig M hr., the lead retained 0.402 
per cent. Zn, after hr. 0.116 
per cent., the zincky lead still 
showing its characteristic of flat- 
tening out readily; when this had 
disappeared and the oxides had 
assumed the form of a dry powder, 
i.e., after 2 hr., the lead retained 
Fig._ s8i.— Howard skimmer. 0.0004 per cent- Zn. More com- 

plete data have been given in 
Table 140. The operation is finished when the oxides are powdery, and a 
sample of lead taken up in a ladle forms clean golden yellow litharge whenever 
its surface is exposed to the action of the air. 

The oxides are usually removed with a perforated skimmer, which is a 
lengthy and hot piece of work. The operation is very much simplified by the 
use of the Howard skunmer,^ shown in Fig. 581. This was originally con- 
structed to remove the zinc crusts from desilverizing kettles. ^ It has been 

* Private notes from the Lautentlial “Record of Analyses,” 1879. 

® U* S. Patent No. 502, 123, July 25, 1893* 

. Ind.f 1893, u, 440. ‘ ; y ■ 
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replaced in most instances by the Howard press, and is now used for oxides. It 
consists essentially of two parts: a yoke, C, with slotted extension, C^, carrying a 
pair of hinged skimmer-leaves, B, of perforated boiler iron, and a suspended air- 
cylinder, A , with piston-rod, B, carrying a link, N, with two pairs of rods, n, one 
for each of the leaves. The piston-rod carries a pin, D, traveling in the slot of 
the extension, C', and the extension has a lock, M, to make a rigid connection 
between the yoke and the piston-rod; the air cylinder has on the lower side the 
air inlet and opposite to it a latch, L, to secure the projection of C'. 

Supposing the kettle to be ready to be skimmed, and the skimmer to be 
immersed in the lead, as shown in the figure, compressed air will be turned on 
through the hose. This causes the piston-rod to rise and the leaves to unfold. 
The yoke remains stationary, and extending into the lead prevents the leaves 
from turning. When the piston-rod has opened the leaves, pin, D, will have 
moved up in slot, C', to position D\ whereupon it engages with the yoke exten- 
sion and pulls up the skimmer with its load until the projection of C' is latched 
by L. It is now pushed to one side, where the oxides are to be unloaded. For 
this purpose some air is let out of the cylinder, when the leaves will drop, the 
yoke remaining latched by L. When the skimmer is to be used again, it is 
brought over the kettle, the yoke locked with M to the piston, latch, L, raised, 
and air let out again, whereupon the closed skimmer will sink into the lead. 

The use of compressed air makes the work very easy. If sufl&cient pressure 
cannot be had, the skimmer is worked by hand, substituting for the air cylinder 
a combination of rack and other gearing. 

The great drawback of steaming zinc-bearing lead is the wear and tear on 
kettles. According to Schmieder,^ at Tarnowitz, where the lead is very free 
from antimony, cast-iron kettles last only for 20 charges, but steel kettles 
are good for 90 charges. The life of cast-iron refining kettles varies greatly; 
extreme figures are 30 days and 120 days. Of kettles from the same foundry, 
cast under apparently the -same conditions, one within the writer’s experience 
■ will last only a month, while another lasts over a year. The life of a kettle is 
greatly prolonged, if it is used exclusively for dezincking lead, and has not to 
serve as is the case in most Emropean works, both for desilverizing and refining. 

As by the use of steam a considerable amount of air is carried into the lead 
and causes oxidation, Roessler^ tried to replace it by different gases. With 
CO2, the lead being heated to 700° C., in a short time all the zipc was converted 
to white ZnO, and could be skimmed off from the lead. As CO2 cannot be 
easily obtained pure to be used for such a purpose, he tried a mixture of CO2 
and N, obtained by passing air through a cylinder filled with glowing coal. 
The result was a gray powder, in which some of the zinc was present as metal 
in a finely divided state. By the use of a mixture of CO and N, drawn from a 
gas-producer, a powder of a darker gray was obtained, containing up to 75 per 
cent, of its zinc as metal in a finely divided state, the rest being oxidized by the 
CO2 present. The refined lead was entirely freed from Zn, if the temperature 

^Berg. HiiUenm. Z., 1887, sxvi, 377. 

* Qp. 1890, xox, 248. 
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was kept above 700° C.; otherwise a zinc crust formed on top of the lead. In 
working on a large scale with gas containing from 15 to 20 per cent, of CO2, 
too many difficulties were encountered, according to Schnabel,^ to make the 
process a practical success. 

One process of refining desilverized zinc-bearing lead may be mentioned, as 
it has found favor in some European works. It is the process of F. Roderbourg^ 
in which a mixture of ZnCh and PbO is stirred into the kettle holding the lead. 
The action of this mixture is said to be Zn+Pb04-ZnCl2 = Zn+PbCl2H- 
ZnO = 2nCl2+ZnO+Pb. The scum floating on the lead bath is removed, and 
treated with HoO to remove the ZnCl2. The leached residue is heated with 
NaCl and PbO, and thereby the original reagent produced. The process has 
been tried in the United States and dropped. 

253. Molding of Refined Lead. — The molding or casting of lead was form- 
erly done by hand, being ladled from the kettle into molds placed in front of it. 
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Fig. 5S2. — Lead-molding apparatus for refining furnace. 


This method has become obsolete. At present the refined lead is run into molds 
either directly from the rev^erberatory furnace or kettle in which the zinc had 
been removed from the desilverized lead, or, and this is more common, the re- 
fined lead is tapped into a storage reverberatory furnace or a market kettle 
from which it is run into molds. 

In molding from tlie Refining Furnace, a piece of 2-in. pipe, h, provided 
with a stop-cock, a T-joint and a plug, d, Fig. 582, is screwed into a cast- 
iron collar, a, fitted into the steel water-jacket at the tap-hole. To the 
vertical end of the T is attached nipple, e, with elbow, /, at the lower end, into 
which is screwed a long pipe, g (from 7 to 10 ft.), which can be moved horizont- 
ally by arm, h, while it discharges the lead into molds placed in a half or three- 
quarters, the center of which lies beneath the nipple. The molds commonly 
used now (Figs. 583-585) differ from the ordinary blast furnace molds in that 
one end rests on two wheels, a, and the other has a leg, b. The lip of the mold 
above the leg has a hole, c. By passing a hook through it and tilting the mold, 
it is run away, the bar tipped out, and the mold then quickly returned to its 
former place. At some works the molds are made large enough to hold three 
bars of lead. The lip then has, instead of the hole, c, a rectangular socket 
running horizontally, into which is inserted a slightly bent iron handle to move 
and tilt the mold. 

^ Schnabel-Louis, “Handbook of Metallurgy,” i, 547. 

* German Patent No. 241483; MetaUurgie, 1912, rx, 239, 



DESILVERIZATION OF LEAD BULLION 


559 


When the furnace is to be emptied, a charcoal fire is started under the stop- 
cock, and the horizontal pipe immersed in the lead of the refining furnace to be 
warmed. It is then screwed into the elbow, the stop-cock is opened, and the 
lead run into the first mold of the half- or three-quarters circle. This warming 
of the pipe is, however, not necessary. If the stop-cock be opened entirely, 
the first lead arriving at the end of the horizontal pipe will still be liquid. After 
that, the cock will have to be slightly closed, as the molds would otherwise fill 
too quickly for the man, who has also to attend to the skimming of the sur- 
face of the bars. This he does with two thin pieces of board the width of the 
mold, collecting the dross between them and dropping it on the floor. Another 
method is to rake off the dross on to the floor with a bent piece of hoop-iron. 
The former method gives a cleaner bar. 
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Figs. 583 to 585. — Mold for refined lead. 



One mold after another is thus filled. When the lead in the first three or 
four molds has sohdified, it is chilled with water, the pigs are trimmed with a 
sharp, chisel-pointed bar, and the molds run off to the wall of the lead-pit 
(Fig, 498), where the lead is to be dumped before weighing, and brought back 
empty to their places. In this way from 40 to 60 molds that form half- or 
three-quarters semicircles are filled one after the other. 

This method of molding has the advantage that the vertical distance between 
the shipping level of refined lead and the receiving level of lead bullion can be 
less than with the methods to be discussed; further, the filling of the molds need 
not be continuous, as it must be with the siphon. It has, however, the great 
disadvantage that the furnace has to be cooled to the molding temperature of 
lead, which is about 425° C. The cooling, as well as the subsequent heating, 
takes considerable time; further, fluctuations of temperature in a furnace are 
always detrimental to the brickwork. It is therefore preferred to tap the 
refined lead into a separate furnace, be it reverberatory or kettle, and to allow 
the lead to cool there. The molding of lead does not interfere with the regular 
working of the plaint; it is usually given in contract to a separate crew, which 
attends to the molding, and the loading into cars. 

The Storage {Molding) Reverberatory Furnace is in common use today with 
plants having large units. Its capacity is the same as that of the refining 
reverberatory furnace. Figs. 586—588 give a side-elevation and end-eleva- 
tion at bridge-waU an 4 fltie-end of a too-ton storage reverberatory furnace 




ELEVATION BRIDGE WALL END 
Fig. 588 

Figs. $86 to 588.- — Elevations 100- ton storage (molding) reverberatory furnace.- 


in. deep. Its general constniction is similax to that of a softening or refi nin g 
furnace. Being a storage or molding furnace, in which the temperature is kept 
]ow; the sides and ends are not water-jacketed. The steelpan holding the hricls:- 
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work stands free on cross-rails carried by longitudinal I-beams, and is heavily 
ironed. There are three doors to a side, and one end door. Provision is made 



for using an auxiliary oil-burner. The inverted arch forming the bottom rests 
on concrete for a distance of 3 ft. on>ither side of the center line; the^remaining 
spacers filed with red brick. The waUs of the furn9.ce are of fire-brick. Jj 
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The fireplace, Figs. 592-594, has a step-grate, as the bituminous coal 
used is lignitic in its character, that is, it gives a long flame and has no caking 
power whatever. The fireplace is a 6- by 6-ft. standard which serves also the 
reverberatory furnaces for smelting drosses and shimmings (Figs. 627-630), 
and litharge (Figs. 631-634). 



The method followed in molding is an adaptation of the one used with cop- 
per refining furnaces in connection with the Walker casting machine.^ It was in 
operation in 1913 at the National plant of the American Smelting and Refining 
Co., South Chicago, 111 .,^ and has since been extended to other refineries. The 
lead is run from the furnace through a pipe, provided with regulating cock, 
into a cast-iron trough which swings on trunnions. A trough is a cylindrical 
vessel, 22 in. in diameter and 44 in. long, open at the top, which has five i-in. 
pipes serving as spouts. When tilted forward by means of an air-lift, the lead 

^ Hofman, “Copper,” 1918, 398. 

* Pulsifer, Min. Eng. World, 1913, xxxix, 154. 
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flows through the spouts into the molds. The molds, carried by an endless 
link-chain conveyor, travel in a horizontal direction in front of the trough, are 
filled, and at the same time sprayed with cooling water from below; the bars are 
skimmed two at a time by means of a three-pronged tool. The conveyor travels 
up an incline beyond the trough, whereupon the bars are trimmed and given 
the running lot-number by an automatic spring-hammer die. Arriving at the 
crest, the bars are discharged one after another on to a truck, which holds about 
30 of them. In order to permit replacing a filled truck by one that is empty, 
there is left open in the conveyor a space which would be taken up ordinarily 
by five molds. This gives the time necessary for exchange of trucks. 

In molding in this way, five or six bars at a time, either the conveyor has to 
stop in front of the trough while this is pouring, or the trough has to travel with 



Figs. 595 to 598. — Lead-molding apparatus for merchant kettle. 

the conveyor while pouring, and to return to its original position at twice the 
normal speed. This latter mode of operating is found at the Omaha plant of the 
American Smelting and Refining Co.^ The first plan is not so satisfactory for 
mechanical reasons as is the second; further the surfaces of the bars of lead are 
likely to be rough and broken when the conveyor has to stop before the lead has 
completely solidified. The rate of molding is 35 tons per hr., and the labor 
iccount is exceedingly small. 

Molding from a Storage or Merchant Kettle was the common pfactice until 
the units became too large; it is in operation at most of the older refineries. 
The kettle has the same form and is heated in the same way as the one used for 

^ Pulsifer, Min. Eng. World, 1913, xxxrx, 457. 
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desilverizing. Until recently the Steitz siphon, Fig. 562, was used almost 
exclusively. 

Two such molding apparatus are shown in Figs. 595-598. In Figs. 595 
and 596, a represents the longer arm of the siphon, made of i}-^-in. pipe, with 
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the -cast-iron stop-cock, b. At the lower end it is joined by two elbows, with a 
nipple intervening, to the swinging-pipe, b. This can be turned down around the 
center, c, and when in that position it can be moved in a horizontal circle having 
its center at d. The siphon is filled just like the one shown in Fig. 562, with the 
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exception that the handling is done with the swinging-pipe, h, instead of with a 
pair of tongs. As in molding, the swinging-pipe has to describe nearly a half- 
or three-quarters circle; the ordinary way of keeping the siphon in place by 
weighting with a couple of bars of lead is not sufficient. For this purpose two 
iron hoops, about 2 ft. 3 in. apart, pass around the brickwork of the kettle. 
The two ends of a hoop are bent, as shown in Fig. 595, and tied by a bolt. 
The vertical arm of the siphon, a, is held in place between the two hoop-ends, 
the fixed bolt, /, and the movable one, k. 

Another arrangement for molding is shown in Figs. 597 and 598: i represents 
the longer arm of the siphon with the stop-cock, j; it discharges the lead into a 
3-in. pipe, k, closed at the bottom. This has two trunnions, m, which swing in 
the bearings, n. They are joined to a pivot rotating in the socket, 0. The pipe, 
k, is connected with the swinging arm, which is moved with the handle, q, 
over the molds. At some works, the pipe has been replaced by a trough. 
At others the bottom of pipe, k, is closed with a cap having a socket, into which 
the pivot, fastened to the floor, fits loosely. Thus a number of slight varia- 
tions in detail are found at different works. 

The latest device for molding lead from a kettle is the Miller Casting Ma- 
chine^ shown in Figs. 599 and 600. The leading parts are, a vertical cast-iron 
mold- wheel, A , with water-jacketed molds, B ; a stationary curved water-jacket, C, 
on the feed-side, which extends above the center of the wheel and fits snugly the 
periphery of the revolving mold-wheel; a feed-pipe, D, in the stationary jacket, 
to deliver the lead into the molds as they pass underneath; and a shield, £, on 
the delivery side, to break the drop of the discharged bars as they fall on to a 
car or conveyor. Each mold has a recess in the lip (not shown) for the expulsion 
of the air into the next mold, and for receiving after the escape of the air a small 
amount of lead to serve as sample, which is discharged automatically when the 
bar drops from the mold. The lead is delivered to the feed-pipe from a kettle 
by means of a Miller pump, F, the excess flowing back into the kettle through a 
return-pipe, not shown. The mold-wheel is driven by a motor, G, making 1200 
r.p.m., which is geared (6:1) to the shaft, H, of a worm, the *wheel of which 
makes 4 r.p.m., and meshing with the drive-wheel, J, causes this to make 0.277 
r.p.m. The machine casts 12.4 tons lead per hr. with three men; -with a pump 
delivering from a central kettle through a radial trough seven men are required 
to do the work. The machine makes little dross, as the delivery and return 
lead are not exposed to the air; the bars are free from drosses, rough edges, 
and shrink-holes, and have a uniform weight. 

254. Labor, Fuel, and Yield of Lead. — With small plants having 30-ton 
kettles, it has been customary to give in contract the operations of softening, 
desilverizing, and refining. With large units of 60- and loo-ton kettles this 
has become impracticable. Therefore each operation has its separate men who 
have to carry through their tasks in a given time. Thus, softening is placed 
on a 24-hr. basis, desilverizing and refining each on an 8-hr. basis. Molding 
and loading of lead is usually done by a separate crew in contract. 

^XJ. S. Patient No. 1157794, Oct. 26, 191$; Eng. Min. J., 1916, cn, 662. 
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The fuel consumed in softening, desilverizing, and refining used to be 130 
lb. per ton. of lead bullion; this figure has been reduced to 50 lb. 

The amount of lead recovered in the form of market lead varies with the 
purity of the lead bullion. It used to be 80 per cent, of the bullion charged, 
when this had not been carefully drossed before it reached the refinery. With 
dross-free bullion and the improvements made with the process, the yield in 
market lead at present is usually 90 per cent, of the lead bullion. 

255. Treatment of Zinc Crust, General.^ — Many methods have been tried 
and used for the treatment of zinc crusts. The only one which has survived 
is distillation, which originated with Parkes. 

Smelting in the blast furnace (Flach process) with slag high in Fe, some 
matte and flux, and a low-pressure blast furnishes quickly a rich lead bullion, 
but sacrifices the zinc, and is accompanied by large losses in silver and lead. 

Cupellation of the crust is more crude than smelting in the blast furnace. 

Fusion with alkali chlorides with the idea of converting the zinc into soluble 
chloride was a failure. ^ 

Treatment of partly liquated crust with steam in a kettle at an elevated 
temperature, with the aim of oxidizing the zinc (and incidentally some lead) 
and thus obtaining a rich bullion and a mixture of lead and zinc oxides, has 
been in operation in several European plants. The rich lead used to be 
cupelled, and the oxide mixture added gradually to the charge. Later Schnabel 
leached the oxides with ammonium carbonate, precipitated any Cu present 
with Zn, filtered the solution, recovered the zinc from it by boiling with steam as 
a basic carbonate which, after calcination, gives a zinc white with a shade of yel- 
low, and cupelled the rich lead, adding the lead residue, freed from Zn, to the 
charge. The process^ was in operation at several European plants, but has 
become obsolete. 

256. Distillation of Zinc Crust, General."* — This process, first used by 
Parkes, has undergone many improvements and has become the one univer- 
sally used since Balbach^ first used graphite retorts. The method, therefore, 
often bears his name. Retorting in vacuo® has been suggested, which would 
permit carrying out the process at a much lower temperature than is the case 
under atmospheric pressure; but so far it is merely a suggestion. 

A furnace, to be suited for the process, must permit the raising and sustaining 
of a high temperature, and at the same time be of such a construction that a 

^ Kerl, B., Grundriss der Metallhiittenkunde,” Felix, Leipsic, 18S1, 314. 

Roswag, “D^sargentation de plomb,” Dunod, Paris, 1884, 296. 

Schnabel, C.-Louis, H., “Handbook of Metallurgy,” Macmillan, London, 1905, i, 664. 

2 Zeiller-Henry, Ann. Min.y 1870, xvii, 447; Berg. HiUtenm. Z., 1871, xxx, 422, 

* Details: Schnabel-Louis, op. cit., 679. 

^ Works cited in §244. 

Filers, Tr. A. 1 . M. E., 1874-75, m, 314- 

Roesing, Zt. Berg. HiUten. Sal. W. i. Pr.^ i88d, xxxiv, 91; Berg. HUttenm. Z., 1886, 
XLV, 421. 

® Eurich, Tr. A. I. M. E., 1912, xLiv, 741. 

® Turner, /. If 1912, vir, 105. 
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broken retort can be readily exchanged, and the rich bullion that has run out, 
quickly and completely collected. Of the different forms, three may be cited. 

Furnaces have been fired with coal, coke, oil, and producer gas. Coal- 
firing has become about obsolete, as it is laborious and requires considerable 
skill to keep the temperature uniform and even; coke, oil, and producer gas 
work satisfactorily. At present, oil is the leading fuel in the United States. 
Producer gas found favor in Germany ^ and Australia. ^ 

The retorts used have been given different forms, e.g., that of a crucible at 
Freiberg, and of a cylinder at Tarnowitz;® usually they are pear shaped. The 
condensers are either of clay or iron; partly corroded retorts are frequently 
used as condensers. 

The older forms of furnaces and retorts are given by Schnabel-Louis,^ 
Collins,® and others. In the United States the Faber du Faur furnace has out- 
lived all other forms, especially after the patents of the inventor had expired. 

257. Faber du Faur Retorting Furnace. — Two forms, the coke and the oil 
fired, may serve as examples. Formerly practically all furnaces were coke fired. 
The many advantages that oil-firing offers, such as uniformity of heat, absence 
of clinkers, facility of handling, etc., have pushed coke-firing into the back- 
ground to such an extent that at present it forms the exception. 

I. The Coke-fired Furnace (Figs. 601-605). — This is a crucible furnace of 
cubical form, built into cast-iron frame-work that swings on trunnions, in order 
that the furnace may be turned over and the contents of the retort emptied. 
The furnace is closed at the top by an arched roof, which usually has one 
opening, the charging opening, for the coke. The products of combustion 
pass off through a flue, which is generally placed at the back, as in the drawing, 
but sometimes at the side, and occasionally in the roof. At the front is an open- 
ing for the neck of the retort. The bottom is formed by two sets of rectangular 
wrought-iron grate bars placed on edge. The retort rests on a small brick 
pillar, which is supported either by a brick arch (as in the figure) or by an iron 
plate running from front to back, and protected from the heat by two courses 
of fire-brick. The rotation of the furnace is effected by a worm-gear, or some- 
times simply by means of a lever. The furnace in its original form of 1874, as 
represented by the drawing, was about 4^^ ft. cube, and was intended for a 
pear-shaped retort holding 250 lb. of liquated crust. It was lined with a full 
course of brick, except at the front, where the brickwork was in. thick. 

At present the retorts, though retaining their original form, are made larger 
and thinner; they hold from 1000 to 1500 lb. of crust; the furnace has retained 
its original size, but is lined on all sides with a half course of brick. The old 
retorts (Fig. 601) were made of raw and burned clay mixed with about 25 per 
cent, of graphite to protect the clay from the corrosive action of the lead, and 

Roesing, loc. cit. 

® Bayly, Tr. Austral. Inst. Min. Eng., 1907, xir, px, 92. ^ 

® Roesing, loc. cit. 

* Loc. cit., 665. 

® “Metallurgy of Lead,” 416, * 
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were very thick at the bottom; at present they are made of graphite to which 
sufficient clay (45 per cent.) has been added to give strength and stability to 
the retort. A looo-lb. retort is 36 in. high, 8 in. wide at the neck, 18 in. at the 
belly, and 13 in. at the bottom. It is in. thick at the neck, and increases to 
2 in. at the bottom. A so-called 1500-lb. retort is shown in Fig. 606. It is 
advisable, however, to charge not more than 1300 lb. 

A set of retorting furnaces is arranged in two ways. They are either placed 
on both sides of a horizontal flue in such a way that the openings into it shall 
not be opposite each other, or they are built, say 
eight, around a central stack, each flue extending 
into the stack and then continuing upward for a 
few feet. With both arrangements obstructions of 
the draft are avoided. 

2. The Oil-fired Furnace A — A modern furnace 
with full details is shown in Figs. 607-612. Again 
there is seen a cast-iron frame work swinging from 
trunnions, but lined with 9 in. fire-brick at the 
sides and in. at front and back. It is fired with 
oil from a Billow Long-flame Burner, Class F 
represented in elevation and section in Fig. 613. 

This is a brass, chamber oil-burner,* 12 in. long, 
with central oil compartment provided with a 
needle-valve and enclosed by the air division. 

The chamber has fixed vanes to effect an intimate 
mixture of atomized oil and air; the outlet nozzle 
is in. in diameter. Oil is held at a pressure of 
10 lb. per sq. in., and air at one lb. S° 6 .— Graphite retort. 

The retort is 3 ft. 2% in. long and 22% in. in capacity 1500 lb. charge, 
diameter at the belly; the walls are 3 in. thick at the bottom and taper to 2 
in. at the neck. The vessel holds 1350 lb. crust mixed with a little charcoal; 
it rests on a fire-brick block. It will be noticed. Figs. 609 and 610, that the 
retort is placed % in. beyond the center line of the furnace in order that the 
heating space near the burner may be larger than the one opposite, and thereby 
the distribution of heat made even. The correct placing of the retort is of 
greatest importance as regards life of vessel and result of distillation. Fig- 
607 shows in dotted lines the cast-iron condenser held in place by a chain 
suspended from two hooks (Figs. 607, 608, 612). At the front of the furnace. 
Figs. 607 and 608, next to the floor, are two square openings for tapping any 
lead that may have escaped from a leaking retort. 

258. Condensers. — The condensers used for collecting the zinc differ very 
much in form and material. Some are simply old retorts; others are plumbago 

^ A drawing of the oil-fired furnace at Maurer, N. J-, has been published in 'Eng. Min. J ., 
1907, IIXXXIII, 84. 

® National Supply Co., 416 West Grand Ave., Chicago HI. 

^Btofman, “General Metallurgy,” 1918, 336. 
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crucibles (diameter at bottom, 7 in.; at top, ii in.; height at front, 18 in.; 
at back, 22 in.; thickness, i in.). Again, they are made of cast iron having 
the form of a truncated cone. One condenser of this class is 2 ft. long, and has 



a 



I 


t 


handles on either side by which it is suspended on two hooks from the iron frame 
of the furnace. A conical condenser is also made of clay; it is about 3 ft. long 
and supported by a tripod. Another form is that of a sheet-iron cylinder 
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Figs. 614 to 618. — ^Two-piece cast-iron condenser. 
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lined with specially molded fire-bricks. At the base it has, in addition to the 
tapping-hole, two small pivots to hold a thin chain which is hooked to the frame 
of the furnace, thus supporting the condenser. It is claimed by some refiners 
that an iron condenser furnishes a larger ^deld in zinc than one made of clay. 




In Figs. 614-618 are given the details of the two-piece cast-iron condenser 
indicated by dotted lines in Fig. 607. It has a peculiar form which is the 
result of experimentation. It is made up of two pieces bolted together, 
the lower being heavier than the upper; there are handles on the sides, a i^^-in. 
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tap-hole, and a port for the passage of gases and fumes. At one plant 

the lower part is of cast steel. The manner of support has been given already. 

Figs. 619-621 show another condenser of form similar to the one given in 
Figs. 614—618, but of more simple construction. It is a single-piece casting 
with handles on the sides, the usual tap-hole, but no port for the escape of 
gases. The condenser is carried by a truck-stand of flat iron given in Figs. 622 
and 623. The front view, Fig. 623, shows the curved support for the condenser; 
the side-view, Fig. 622, presents a horizontal tray which carries the mold into 
which is tapped the condensed zinc. 

The condensed zinc is rarely allowed to run off continuously. Usually 
there is a tap-hole closed by a. clay plug or a conical piece of coke, and the 
condensed zinc is discharged into a suitable mold in 3 or 4 hr. after the 
distillation begins. It has been found that more zinc will collect in the con- 
denser if this contains some liquid zinc. Most condensers have a second 
opening on the upper side for fumes to pass through while the distillation is 
going on. They go into a sheet-iron pipe leading to the main flue. It has 
always been considered essential to have this second opening if the distillation 
is to proceed in a satisfactory way; but at some works using an old retort as 
condenser the second opening has been dispensed with, the condenser being put 
in place only when the distillation begins, and not, as is customary, when the 
retort is well filled. 

259. The Method of Working. — The method of working is about the same 
whichever furnace is used. When a new retort has been put in place, it is 
carefully warmed by burning in it for 24 hr. slabs of wood, and brought to 
a dull red heat. It is then ready for the oil-burner and for charging. The 
zinc crust, mixed with from i to 3 per cent, of charcoal, is brought in an iron 
wheelbarrow or car to the front of the retort and charged with a trough-shaped 
scoop. The temperature is then quickly raised to about 1200° C.; the crust 
softens and sinks in the retort after half an hour. Is pushed down, more crust 
is added, and this is repeated till the retort is well filled. The upper rim of 
the condenser receives a heavy lute of clay, is passed over the neck of the 
retort, and is made to adhere to the front wall of the furnace; it is suspended 
or rests on its support. About an hour after charging, blue pow^der and 
then metallic zinc begin to collect in the condenser. 

At atmospheric pressure zinc boils at 918° C.^ In laboratory experiments 
for the recovery of zinc from cyanide precipitate, Clevenger^ found that at 1200° 
C. there was expelled 90 per cent, and at 1296° C. as much as 99.6 per cent, of 
the zinc present; also that it was important to raise the temperature quickly 
and to keep it constant when it had attained its proper height. 

The zinc vapor carries over with it some lead if the temperature is too high. 
Juretzka,® in distilling impure zinc, found that at 1000® C. some lead was carried 
over, and that at 1100° C. the condensed zinc vapor contained 0.28 per cent. Pb. 

1 Berthelot, Compt. rend., 1902, cxxxiv, 705. 

^ Tr. A. I. M. E., 1904, XXXIV, 891; Eng. Min. J., 1914) xcvni, 109. 

* Chem. Z., 1916, xi,, 885, 894., 
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In distilling zinc-silver alloy, Rose^ experienced losses in Ag averaging 8.46 
per cent.; Friedrich^ found losses to range from 0.4 to 5.8 per cent. Ag, the 
losses increasing with the quantity of zinc and the temperature. In working 
zinc-silver-lead crusts, the large amount of Pb and the small percentage of 
Zn change conditions. Some Ag passes over with the Zn; the collected zinc 
assays from 4 to 12 oz. Ag per ton depending upon the rate of distillation. 
With 8000-OZ. retort bullion the collected zinc has shown assays as high as 24 oz. 
Ag per ton; ordinarily a 1200-lb. charge gives zinc with from 4 to 5 oz. Ag 
per ton. 

The work of Rose^ and Friedrich^ with zinc-gold alloys shows that the loss 
experienced is chiefly mechanical. 

The behavior of tellurium,® which readily enters the zinc crust in desilveriz- 
ing, is of interest, as long as telluride gold ores are treated by lead smelters. 
Table 141 gives some analytical data of the products obtained in retorting 
tellurium-bearing zinc crusts from Pertulosa, Italy. The three successive 
zinc taps, with their increasing percentage of Te, show that Te is not as easily 


T\ble 141. — Distillation of Zinc Crust Containing Telluriu m 


Products 

Te(.l) 

Se 

As 

Sb 

Sn 

Bi 

Cu 

Cd 

Fe 

Zn 

First zinc tap . . 
Second zinc tap 
Third zinc tap.. 
Skin of zinc, lin- 
ing condenser! 
Zinc telluride.. . j 
Blue powder. . . 
Retort bullion. . 
Gas from con- 
denser 

0.0030 

0.0050 

0.0150 

0.0370 

30 . 0000 
3 .4600 

0-5156 






























Trace 

o.oiSo 






0.3270 

0 . 4090 



0.0220 





(0)67 .0240 






Trace 

1-4095 

0.3019 

None 

0.0237 

2.2477 

^0.0052 

0. 2205 

0.8537 

i 

1 

i 

1 



i 






Products jNi, Co S 

A.g 

Au 

Pb 

CO2 

(&) 

CO 
(6) ' 

N 

(6) 

C 
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Skin of zinc, lining condenser 


Trace 

0.0060 

0.0040 


1 .4700 
2.5230 




Trace 

Trace 

Trace 





Blue powder 






Retort bullion 

o.oo68j 

Trace 

5.4616 

0.0564 

(0)88.8974 





Gas from condenser 

1.4 

55-2 

43-4 










id) By difference, (fr) Volumes. 


^ Tr. Inst. Min. Met., 1904-05, xiv, 394. 

^ Metallurgie, 190S, v, 593. 

^ Loc. cit., 392. 

* Zt. angew. Chem., igo^, 269. 

®Heberlein, Berg. Huttenm. Z., 1895, ltv, 41; Min Ind., ,1895, iv, 480. 
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distilled as is the Zn. The fact that the zinc adhering to the iron condenser as 
well as the retort bullion, retains considerable Te, substantiates this. Samples 
of the carmine colored telluride of zinc adhering to the iron condenser, and to 
some of the zinc, showed as much as 30 per cent. Te, the rest being made up 
by Zn and the impurities shown in the table. Telluride of zinc changes its 
color to a grayish black in a few days if exposed to daylight. If it comes in 
contact with air while hot it is quickly oxidized; the reducing atmosphere in 
the condenser permits the condensation of the alloy. Some alloy, however, 
is oxidized, as seen from a selected sample of blue powder, which is very rich 
in tellurium. 

The distillation is finished after from 6 to 8 hr., according to the size of 
the charge, the percentage of zinc in the crust, and the draft of the furnace. 
Too much emphasis cannot be laid upon the draft; especially with coke-fired 
furnaces. The slightest obstruction means a failure in distilling off the zinc in 
the required time, and many consequent disturbances, inconveniences, and 
losses. The main points to be looked after during the operation are the quick 
raising of the temperature, and the keeping it high. The higher the tempera- 
ture, the more rapid will be the distillation, the better the output of metallic 
zinc, and the lower the percentage of zinc remaining in the rich lead; but forcing 
a charge is likely to decrease the yield of metallic zinc, and increase the amounts 
of lead and silver which pass over with the zinc. If the temperature is lowered, 
blue powder forms, and some of the crust floating on the lead may harden and 
be suddenly broken by the zinc vapors developed beneath the crust, w'hen the 
heat is raised again, and thus cause an explosion. The effect of this is to loosen 
the condenser from the neck of the retort. At most works it is the practice to 
introduce an iron rod, at certain intervals, through the upper opening in the 
condenser, to free the neck of the retort with it from oxidized zinc, and then stir 
up the crust floating on the lead. But the saying that the condenser ought to 
smoke well if the distillation is to go on satisfactorily is wrong because a 
condenser with only one opening, excepting the tap-hole, which is kept closed, 
gives excellent results. 

The zinc is tapped at intervals from the condenser; when it ceases to collect 
in the condenser the distillation is finished. The last zinc is then removed, and 
the condenser taken off and scraped clean. In the meantime the vapors in 
the retort pass off into the air. This is assisted by throwing a few chips of wood 
into the retort, which is now to be emptied either into an ordinary slag-pot, 
lined with brick to prevent the hot metal from cracking the cold bottom, or 
into a tilting pot. Such a pot is shown in Figs. 624—626- It is a cast-iron 
vessel, 28 in. in diameter, provided with trunnions which are carried by supports 
of a car 3 ft. long. The vessel, lined with 23^^ in. of fire-brick, is tilted by means 
of a worm-gear. While the lead is running from the retort, the sample for assay 
is taken. The lead is then allowed to cool and, after the removal of the dross 
from the surface, is ladled or poured into small molds, so as to obtain bars of 
suitable size for the subsequent treatment in the English cupelling furnace. 
The iron is also cast into bars and added to the cupelling charges. 
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At many works, the pot with the retort bullion is raised from its supports by 
means of an overhead crane, a traveling air-lift, or a differential pulley, trans- 
ferred to the cupelling furnace, and its content poured into the furnace, thus 
doing away with drossing, molding, etc. This mode of operating was started in 
1901 by F. B. F. Rhodes at the National Works in South Chicago, 111 .^ The 
residue in the retort, consisting of slag and charcoal, is removed with an iron 
scraper. , It is essential for the life of the retort that it be well cleaned after each 
distillation. The retort is now raised, and some fine charcoal thrown into it to 
prevent the oxidation of the globules of lead adhering to the sides; it is then 
turned back to its normal position, and is ready to be charged again. With a 
coke-fired furnace the grate bars are cleaned, clinkers adhering to the furnace 
walls or sides of the retort are removed, and fresh coke is added, making the fur- 
nace ready for the next charge. The time required for discharging and refilling 
is about 20 min. In scraping, care must be taken to do it gently, so as not to 
wear off the lower side of the retort. To avoid this, as well as to change the 
line of contact with the surface of the lead, the position of the retort is some- 
times changed, after it has worked about 25 charges, by turning it 180°. 

The tools required by one man in retorting are: two scrapers (6 ft. long, 
^^-in. round iron flattened out at one end to the width of 3 in. and bent up 3 
in.) to stir the contents of the retort after distilling and to rake out the residue 
after tilting; two pokers (5 ft. long, of iron) to remove the clinkers from 

the grate; one bar (8 ft. long, ^-in. steel) to break off clinkers from the walls; 
one scoop to feed the coke; one ladle (6 in. in diameter and 3 in. deep, with a 
4-ft. handle); two slag-pots lined with brick; a wheelbarrow to receive the zinc 
crust; one scoop and shovel to charge the retort; two molds for each retort to 
receive the zinc; 10 bullion molds. 

A method of doing away with the usual procedure of retorting has been sug- 
gested by Roesing, ^ It is to melt the crust in a basic-lined retort, to charge 
some fuel for the expulsion of air, and to pour in melted pig iron. This is to 
volatilize the zinc which is collected in a condenser; then the pig iron is poured 
off, to be used again, and followed by the retort bullion. 

260. Results. — The weight of the charge is from 1000 to 1300 lb. of zinc 
crust, and it takes from 6 to 8 hr. for one operation; less time is required 
in winter than in summer. The crust yields from 70 to 80 per cent, of Pb con- 
taining from 4 to 10 per cent, of Ag and from 0.75 to 1.50 per pent, of Zn. 
The zinc recovered in the form of metal is about 10 per cent, of the weight of 
the crust, and that in the form of blue powder about i per cent. Of all the zinc 
required for desilverizing, over 60 per cent, used to be recovered to be used again 
in the kettles. This has been raised to 80 per cent, by the use of the Howard 
stirrer and press, and by oil-firing. The quantity of dross varies a great deal; 
from 5 to 8 per cent, of the weight of the crust was a fair figure, before the How- 
ard improvements. The blue powder formed amounts to from 12 to 18 lb. 
per charge. The addition of i lb. salt and 4 lb. sand to a 1200-lb. charge is 

1 Eurich, Tr. A. I. M. E., 1912, xixv, 750. 

^ Berg. MHUenm. Z., 1890, xlix, 369. 

37 



578 


METALLURGY OF LEAD 


said to reduce the amount from i8 to 12 lb. The blue powder is either returned 
to the retort, or sold to zinc works after screening. 


Table 142. — Distillation of Zinc Crust 


iPer cent. I Pounds * 

Test tra" i ^ Material 

, 1 covered I covered i 

tion 


0 o 




Ph 


Zinc crust from] | 

pure silver-! 14 to I i 66 
lead; no im-; j 

purities. i 


i Zinc crust.. . |270o;64 .4 23 .o 9.7 
399 ! Retort metal 1671! 

; Blue powder. 82! 6.2I86.0 0.7 
I Slag. 548|s4-4t22 .9 10.2 


Zinc crust from 
lead bullion;! 22 to i 
o.i per cent. 

Sb. 


SS9 


; Zinc crust. . . ,2SSi|56.o 29.3 I 3 • l| 
: Retort metalji659!79-0 2.3 1S.2 

; Blue powder. 84! 6.285.5 o.pj 
! Slag I 94 ' 50 - 9 ! 22 -£> r 4 -i 


o . I 

0 . 1 
0.1 
Tr 


Zinc crust from; 
lead bullion; 30 to i 
0.3 per cent. 

Sb. i 


Zinc crust. .. I0isj70.3 19 -8 
Retort metal 730!.. 0.9 

Blue powder. 5! 3 sjSS.p 
Slag 99i6i-5i3-6 


8.2 0.2 


0.6 

7.5 Tr 


1.91.8 .66 


1.7 0.46 


0.32 


Zinc crust from! 
lead bullion; , II to I 89 
0.1 per cent.! 

As. ' 

Zinc crust from 
lead bullion;; 9 to i 60 
0.2 per cent. 

Cu. 


Zinc crust. . . 2580 67.721.5 7-6 0.5 

S03 Retort metal 1803! . . 1.3 9-6 0.6 

Blue powder. 7! 6.277.6 0.4] T 
Slag 244:60.0 12.5 9-4 0-8 

Zinc crust. . . 2344180.2 12.0 7.0 i.oo 

Retort metal 1403190. o 0.7 7-6 1.24 

Blue powder. i4!ro.0 7S .6 0.2 Tr 

Slag 686 | 63 .i 18.4 5-8 0.65 


In Table 142 are given results obtained in working crusts free from impur- 
ities, and crusts with varying amounts of Sb, As, and Cu. Column i gives the 
concentration of silver in lead effected by the Parkes process; it is seen to range 
from 9 to 30 per cent, and is usually near 30 per cent. The recovery of zinc is 
seen to cover the wide range of 60 to 89 per cent.; a common figure is 80 per cent. 
The high zinc-content of the slag (dross), 12.5 to 22.9 per cent., shows the direc- 
tion in which lies a considerable loss of zinc. In working off the slag (dross) 
in the cupel, the high zinc-content of the charged material is very apparent. 
The slag (dross) also shows high values in dore. Newton^ calls attention to 
the effect that Cu sometimes has in forming, with low distillation temperatures, 
lumps which assay as high as 11,000 oz. Ag (Au) per ton, when the retort bul- 
lion has a value of 3000 oz. Blakemore^ emphasizes the effect Cu has on the 
presence of Au in dross. 

The impurities Sb, As, and Cu seem to be evenly distributed in crust and 
retort metal, but appear only as traces in the blue powder. 

A retort lasts now 40 charges; formerly 25 charges was considered a good 
average. For every ton of crust, iroo Ih. of coke or 40 to 60 and even 70 gal. oil, 
with air as atomizer, are required. To use a good quality of coke of uniform 

^ Tr. A. I. M. E., 1915, LI, 791- 

* Tr. Austral. Instit. Min. Eng., 1898, v, 247. 
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size (egg coke), although more expensive at first, is cheaper in the end, when the 
life of the retort and the better results obtained are considered. One man at- 
tends to from two to four furnaces in an 8-hr. shift. 

As there is likely to be some leakage in a retort, which escapes attention, 
it is advisable not to throw away the coke ashes, but to add them to the blast 
furnace charge. Flue-dust from retort ovens gave lies Zn 12.2 per cent., Ag 
16.8, and Au 0.20 oz. per ton. As stated, reduced oil has replaced coke or coal 
in most cases. With a looo-lb. charge, 550 lb. coke in 6 hr. w'ere replaced by 
52 gal. oil in 6 hr. with steam injection, and 26 gal. in 5 hr. with air injection; 
in both cases the Reid burner^ was used. 

261. Treatment of Intermediary Products, General. — The intermediary 
products in a refinery are formed in working the lead bullion, w'-hen it carries 
precious metal (softening-furnace dross and skimming, kettle dross, rich lead, 
metallic zinc, retort dross and blue powder, litharge, etc.), or they arise in the 
purification of desilverized lead (refining skimmings and polings) and in the 
casting of refined lead, which is free from silver. It is important that they 
be converted into marketable products as quickly as possible. Their treatment 
has to be carried on simultaneously with the main operations in order that they 
may not accumulate, and thereby increase the outlay of capital necessary to 
run the plant, thus eating up interest. Some accumulation cannot be pre- 
vented, as it is necessary in smelting to have on hand certain amounts of 
material to permit running furnaces for given periods of time. 

262. Softening-furnace Dross and Skimming. — The lead bullion charged 
into the softening furnace at present has been freed from dross at the smeltery 
so that not enough dross is taken off in the softening furnace to make it an ob- 
ject to treat it by itself. It is therefore not kept separate from the skim- 
ming. Undressed bullion is usually melted in a kettle, and the dross freed 
from adhering lead by means of a Howard press. 

Formerly drossy bullion was charged into the softening furnace, and the 
dross, after removal by skimming, freed from entangled lead in a separate 
reverberatory furnace. 

In liquating, the furnace is charged and heated until the lead that has 
run off forms a bath on which the dry dross floats; the operation is continued 
until suffi-cient dry dross has accumulated on the lead, to be raked out through 
the furnace door. The dross directly in contact with the lead is not touched 
till toward the end. When the level of the lead comes near the furnace door, 
enough is tapped into an outside kettle to leave a bath of lead for the charge 
next following to float on; charging, heating, and drossing are continued until 
a batch of dross is worked up. The temperature is always kept low, in order 
that no dross may be taken up again by the lead. The liquated dross is 
smelted in the blast furnace with a sulphur-bearing ore or by-product (galena, 
matte low in copper) to form a matte, or to raise the grade of the matte that 
has been added to the charge. The lead goes to the softening furnace. 

The treatment of skimming aims to separate metallic lead, to desilverize 

^Hofman, “General Metallurgy,” 1918, 335. 



580 


METALLURGY OF LEAD 


the skimming, and to collect the Cu in a matte. This is accomplished by- 
smelting in a water- jacketed reverberatory furnace with the addition of high- 
grade galena (8o per cent. Pb). The metallic lead which had been withdrawn 
from the softening furnace as well as the lead reduced from the skimming by 
galena and fine coal spread over the charge, will collect on the bottom of the 
hearth. It will contain nearly all the precious metal of the skimming, as the 
finely divided globules of reduced lead passing downward through the charge 
will carry with them the precious metal, as is the case in crucible silver-assay. 
On top of the lead will float the molten skimming freed from metallic lead and 
precious metal. The resulting lead bullion, which has taken up about 1.5 per 
cent- Sb, goes to the softening furnace. The matte, containing Cu 25, Pb 55, 
S 55 and Sb about 1.5 per cent., is treated by a concentration-smelting proc- 
ess or goes to the converter to be blown to blister copper. The refined 
skimming with 15—20 per cent. Sb, some As,‘ 0.2 per cent. Cu, and i + oz. Ag 
per ton goes to the hard-lead blast furnace. 

In a small reverberatory furnace, 10 ft. 6 in. by 9 ft. 6 in., with fire-box, 
4 ft. by 4 ft. 6 in., served by undergrate blast, charges weighing 635 lb. (350 lb. 
dross, 150 skimmings, 100 galena, 20 sand, 15 fine coke), are dropped from the 
hopper in the roof in quick succession until the hearth is filled, and then replen- 
ished as fast as they melt, so that the fusion takes place on a bath of lead. The 
surplus of lead is ladled out from the well; speiss, matte, and skimming are 
tapped into an overflow slag-pot. In 24 hr. 90 charges are worked, yielding 
16,000 lb. of lead bullion, a small amount of speiss (Cu 50, Pb 1 7 per cent., Ag 
1 17 and Au 23^^2 02. per ton), 3500 lb. matte (Cu 35 to 40, Pb 30 per cent., Ag 
100 and Au 0.3 oz. per ton), and 5000 lb. clean skimming (Pb 75 per cent., Ag 
I to i}'2 oz. per ton). The reason that such a large amount of material can be 
smelted in a comparatively small furnace is that it is treated on a bath of lead, 
and that the furnace never becomes cool. The bullion goes back to the soften- 
ing furnace. The matte is smelted in a cupelling furnace with some silicious 
material into copper bottoms, 60-per cent, copper matte, and slag, the bottoms 
collecting the gold. The furnace is similar to the one represented in Figs. 
388-392. The test-ring, which is not water-jacketed, is 6 by 8 ft., and is lined 
with a mixture of raw and burned clay; the cavity is 6 in. deep. The slag runs 
off from the front into an iron pot and, when the test is full of metal and matte, 
the contents are tapped into molds, placed on a truck beneath the test, by 
drilling with an augur a hole into the breast. The tap-hole is again closed from 
the inside by inserting a clay stopper at the back through the tuyere-hole; the 
furnace is then ready for another charge. When the molds are cold, the 
bottoms are separated from the matte. The matte is brought forward in 
another cupelling furnace to metallic copper to be used in precipitating -silver 
from silver sulphate solution, obtained in parting dord silver by means of 
sulphuric acid- For every 100 lb. metallic copper produced, 26 gal. of reduced 
oil are required, an air-injector being used. 

A large furnace for doing similar work is shown in Figs. 627-630. Its lead- 
ing features are similar to those of the softening furnace given in Figs. 517^524. 
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°“® illustrated in Figs. 592-594- The furnace 
rests on steel rails carried by longitudinal I-beams, is heavily ironed, and water- 
jacketed at sides and ends. It has at one side, the firebridge end, a lead-well 
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for about i8o tons molten lead. The mode of operating is the same as with the 
smaller furnace; the amount of material treated is about 25 per cent, greater. 
At the works of the International Lead Refining Co., East Chicago, Ind., 
stibnite (55283) is frequently used as reducing agent instead of galena (PbS). 
A charge is made up of softening-furnace dross and skimming, litharge, and 
stibnite; it furnishes lead bullion (Pb 94 to 95, Sb 3 to 4, Cu 0.6 per cent.; 
Ag and Au 200 to 250 oz. per ton), matte (Pb 50 to 55, Sb 1.5 to 2.5, As i, 
Cu 30 to 35 per cent.; Ag 100 to 150 and Au 0.06 oz. per ton), and refined 
skimming (Pb 45, Sb 20, As i to 3, Cu 0.25, Si02 6 per cent.; Ag 0.8 oz. per 
ton, Au none). It is surprising that the lead bullion does not run higher in 
Sb than that produced with galena as a reducing agent. 

Smaller furnaces, with hearths 8 by 12 ft. and 10 in. deep and not provided 
with lead-well, sometimes have a tapping-slot with two tap-holes, the lower 
for lead and the upper for refined skimming, the lead to be collected in a kettle 
and the skimming in slag-pots. Other furnaces of similar size have a single tap- 
hole; the entire content of the furnace is tapped into a kettle with overflow- 
spout. While the lead is flowing into the kettle, part of it is ladled into molds 
if necessary. When the lead has run out, and the skimming appears, it will 
collect on the lead in the kettle and overflow into slag-pots placed beneath 
the spout. After the molten charge in the furnace has run out, the tap-hole 
is plugged, and new material fed into the furnace. The skimming floating on 
the lead in the kettle hardens in a short time, is raised to drain off adhering 
lead, and then removed. The lead in the kettle is cast into bars and goes to 
the softening furnace. When cakes of liquated skimming are rolled out from 
the slag-pots and broken, there will be found two products: liquated skimming 
assaying under 3 oz. Ag per ton, forming the bulk of the cone, and at the bot- 
tom a small cake of a silvery white antimonial speiss of Pb and Cu, which con- 
tains as much as 40 per cent. Cu and, with 250-oz. bullion, assays often as high 
as 300 oz. Ag per ton. Analyses of antimonial speiss are given in Table 143. 


Tabile 143. — Analyses of Antimonial Speiss^ 


Pb 

1 Sb 1 

Cu 

Fe 

1 Zn 

S 

Per cent. 

1 Per cent. ! 

Per cent. 

j Per cent. 

Per cent. 

Per cent. 

79-96 

16.62 

0.327 

0 -IS 7 

1 0.271 

0.026 

78.67 

18.22 

0.860 

0.142 

0.251 

0.026 


Another sample gave Pb 63.3 per cent, and Sb 30.5 per cent., the antimonial 
lead produced assa3dng Sb 18 per cent. The speiss has a beautiful amethystine 
color, shows cleavage planes similar to those of spiegeleisen, and is sectile. 
Formerly it was considered preferable to tap the skimming or let it over- 
flow on an iron plate, as it chiUed quickly and was easily broken to pieces, 
but it ran higher in silver, 

^ Sample from A. W. Jenks; analyses by F. H. Davis. 
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The liquated skimming is smelted in a small (36- to 42-in.) blast furnace, 
with about 100 per cent, of slag and ii per cent, of fuel, care being taken to 
avoid a slag that is very ferruginous, as speiss might otherwise form. 

The slag made at the International Plant^ has the composition: Si02 24 to 
26, AI2O3 up to 10, FeO 36 to 38, CaO 10 to 12, ZnO 12 to 14, Pb i, 5-2.0, Sb 0.5 
per cent. With less AI2O3 in the mixture, a slag frequently made contains 
Si02 30, FeO 50, CaO 10 per cent. 

In order to reduce the loss of antimony by volatilization (which is consider- 
able), non-argentiferous galena may be added to the charge. The sulphur acts 
as a reducing agent, doing thus to some extent the work of C or CO. The 
amount of galena added is so regulated that no matte shall form; it is from 13 to 
28 per cent, of the weight of the skimming. Though this addition reduces the 
percentage of antimony in the resulting hard lead, this is of no consequence as 
long as it contains from 15 to 18 per cent. Sb. At the works of the International 
Lead Refining Co., Hulst has added antimony ore, oxide as well as sulphide, 
to the blast furnace charge with most satisfactory results. The antimony 
oxide is reduced with the antimoniate of lead of the skimming; the sulphide 
reacts with the oxide, furnishing Sb and SO2. According to Hering^ the re- 
action 3Sb2044-2Sb2S3“ ioSb+6S02 takes place in the presence of reducing 
agents. The volatilization loss inherent in the smelting of antimony ores in 
the blast furnace is taken care of by passing the gases through the bag house. 
In this manner a recovery of 97 per cent. Sb is readily obtained. 


Table 144. — Analyse.*? of Hard Le.ad and H.a.rd-le.a.d Dross 



Lautenthal 

Clausthal 

Pribram 

(.d) 

Pueblo 
Smelting and 
Refining Co. 
(«) 

Before poling 
(a) 

After poling 

(b) 

Dross from liquat- 
ing hard lead 
(c) 

Sb 

12.753 

15-390 

38-763 

24.270 

0.109 

0.160 

74.886 

0 . 009 
0-015 
0.018 
0.009 

0.524 

20.550 

0.100 

0.300 

79.042 

0.008 

As 

Cu 

1 .861 
85.291 
0.0035 

0.152 
84.650 
0.003 ' 

37-643 

22 .962 

Pb 

Ag 

Ni 

(S 0.240) 
0.139 

0.232 

Fe 

Trace 

Trace 

Trace 

Trace 


Zn 


Sn 








(a) Private notes. (&) Ibid, (c) Berg. HUttenm, Z.. 1870, 169. {d) Oesterr. Jahrb., 1891, 

xxxrs, 64. (e) Howard, W. H., private notes, 1896. 


The grade and grain of the hard lead are much improved by pohng in a ket- 
tle for a few hours or liquating in a reverberatory furnace at a low temperature. 
The reason for this is that some of the Cu remaining in the softening skimming 
1 Hulst, Tr. A. I. M. E., 1914, xlec, 538. 

^ Berg. MiM&nm. Z., 1883, xlu, 394. 
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enters the hard lead on being smelted. The dross from liquating the crude 
hard lead has been found to contain as much as 40 per cent. Cu, but generally 
contains about 10 per cent. The hard lead is usually molded by ladling from 
the kettle in which it has been poled, or from the one into which it ran from the 
liquating furnace. Hard lead bars weigh 73 lb. The surface of the refined 
hard lead, when liquid, soon becomes covered with dross, and in order to 
obtain clean bars, without being forced to waste much lead by skimming, 
it is advisable to float a wrought-iron ring on the lead just large enough for 
the ladle to pass through, and to dip the lead from the ring. Thus only a 
very small surface will have to be kept bright. With large tonnages, hard 
lead is molded as is soft lead. Analyses of hard lead and hard lead dross 
are given in Table 144. 

263. Tin Skimming. — Tin ore occurs so rarely with lead-silver ores that it is 
only an exceptional case when tin skimming is formed in softening lead bullion. 
At Freiberg, Saxony, the tin of the ores becomes concentrated to some extent in 
the lead bullion produced. The skimming that rises to the surface in the soften- 
ing furnace after the dross has been removed has the following composition:^ 
PbO 70.35, Sn02 12.53, Sb205 12.50, AS2O54.73, CuO 0.61 per cent.; and con- 
tains 72.9 oz. Ag per ton. Plattner has introduced a method of desilverizing 
this skimming and concentrating the tin in a marketable alloy which contains 
Sn 33, Sb 14, As I per cent.; the rest being lead. Details, with analyses 
of intermediary products, are given in the reference. 

264. Kettle Dross. — The impurities in this dross are very few. It consists 
principally of lead o.xides mixed with metallic lead, and is usually put back into 
the softening furnace mth the next charge after the furnace dross has been drawn 
off. This is the best way of disposing of it. 

265. Refining Skimmings and Polings. — ^An analysis of refining skimming 
gave Hes,^ Si02 1.6, Fe 0.6, Zn 8.0 per cent., Cu trace, As none, Sb 4.02, Pb 
75,0 per cent-, Ag i oz. per ton, and Au trace. The percentage of Sb is excep- 
tionally high. It is also singular that there should be present traces of Cu 
and Au. The skimming is best treated in a reverberatory furnace that is used 
for no other purpose, except perhaps for liquating hard lead, in which case 
the lead resulting from the refining skimming is sold as second-class lead, on 
account of the Cu it has taken up. 'If the reverberatory is used only for 
reducing refining skimming, the resulting lead can be worked in with the 
regular refining charges, and corroding lead produced. The hearth of a 
furnace suited for this purpose may be 10 by 5 ft., and 9 in, deep, built of 
fire-brick inclosed in a wrought-iron pan. It will have an inclination of 3 in. 
from the bridge to the flue, where the main working door is placed; a second 
door is placed in the middle of one of the sides to introduce and distribute the 

‘ charge. The. tap-hole below the flue discharges the lead into a small spherical 
kettle having a fireplace beneath. The English (§61) or Silesian (§62) 
reverberatory furnace also serves, the purpose very weU. 

^ Plattner, Berg, Huitenm. Z., 1883, vt-tt^ 417. 

* School Min. Quart., 1899, xx, 397. 
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Fig.632 longitudinal section 

Figs. 631 to 634. — Reverberatory furnace for refining-skimming. 
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The mode of operation is as follows: The hearth of the furnace, dark red 
from a previous charge, is covered with a 2-in. layer of fine coal to protect it 
from the corroding effect of the skimming. It is then filled with skimming 
mixed with lo per cent, of fine coal, leaving room for the gases to pass. Some- 
times the charge reaches only to the working doors, being renewed from time 
to time as it shrinks. As the charge heats, lead will flow into the sump, whence 
it is tapped at intervals. The fire is gradually urged; when no more lead flows 
the charge is rabbled, and when exhausted, it is drawn. 

Four tons of skimming, yielding about 6o per cent, lead, are worked in 12 
hr., two men attending the furnace. 

The residue, which contains Pb, Zn, Sb, perhaps some As, and coal ashes, is 
added to the smelting-charge of liquated softening skimming. 

A large furnace, used in connection with the two 300-ton softening furnaces 
shown in Figs- 517-524, is represented in Figs. 631-634. The fireplace is the 
same as the one given in Figs. 592-594. The furnace slopes from firebridge to’ 
flue at an angle of 4° 45' 49", has a charging door in the roof near the upper end, 
two working doors at the sides, a lead- well with tap-hole, and a tap to empty the 
furnace. The hearth, 16 ft. 4 }/^ in. by 8 ft. 4 }^^ in., is built into an iron pan 
which rests on cross-rails supported by longitudinal I-beams; the latter are car- 
ried by cross-walls covered with iron plates. The bottom has two divisions: 
the lower, 9 in. thick, serves as a receiver for reduced lead; the upper, 18 in. 
thick, is the working floor for the charge. The mode of operating is similar 
to the one discussed in §254. 

The refining skimming is sometimes charged into the softening furnace, 
after the dross has been removed, in order to assist in the oxidation of As and Sb. 
The former objection to this procedure, that zinc enters the hard lead when 
the skimming is melted in the blast furnace, has lost its importance since the 
present method of smelting in a reverberatory furnace with galena has come 
into use. 

A- D. Divine^ has devised a process for recovering as impure oxide the zinc 
of the refining skimming. The process, formerly in operation at the National 
Works of South Chicago, consists in crushing the skimming to 3 >'^-in. size, 
mixing with NajCOs and pulverized oil-coke (i ton skimming, 175 lb. soda ash, 
400 lb. coke), and smelting the’ mixture on a lead bath in an oil-fired rever- 
beratory furnace, when Pb and Sb are taken up by the metal, while Zn, and with 
it some Pb, is volatilized, oxidized, and collected in a bag house. The charge 
is stirred at regular intervals through one door only in order to avoid cooling. 
"When the Zn has been burnt off, the oil-burner is stopped, and the slag (soda 
skim) removed. The slag, which amounts to 10 to 15 per cent, of the weight 
of the charge, goes to the hard-lead blast furnace; the zinc oxide is treated 
electrolytically; and the lead forms a second-class product. In 24 hr. there are 
treated 18 tons charge. From 20,000 lb. refining skimming (Zn 16.50, Pb 63I50, 
Sb 6.00 per cent.) with 3300 lb. Zn, 13,700 lb. Pb, and 1200 lb. Sb, (or 14,900 
lb. antimonial lead) there were produced 13,360 lb. antimonial lead and 3825 

^ Tr. A. /. M. E., 1914, XXIX, 814. 
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impure zinc oxide (Zn 65.00, Pb 14.65, Sb i.oo per cent.), and 3320 lb. soda 
skim (Zn 24.50, Pb+Sb 9.8 per cent.). This accounts for all the zinc, and 
for 95 per cent, of the antimonial lead. 

266. Rich Lead and Metallic Zinc. — The former goes to the cupelling fur- 
nace; the latter is used in desilverizing. It always contains a few ounces of 
silver. 

267. Retort Dross and Blue Powder. — ^The retort dross is very rich in silver, 
which must be extracted quickly. 

With the modern practice of pouring into an operating cupelling furnace the 
retort bullion with its floating dross, from the pot into which the content of a 
retort had been emptied, the question of treating the dross is settled quickly and 
efficiently. The zinc of the dross burns off readily, and impurities are quickly 
scorified by the litharge of the cupelling lead bullion. 

In smaller plants this mode of operating is frequently not feasible. The 
dross, formed in small quantities, is worked off in the regular cupelling a little 
at a time, or at some works it is charged back into the retort. If there is too 
much for this, it is allowed to accumulate, and is scorified on the bath of lead 
free from or low in silver, with which a new test of the cupelling furnace is 
usually charged. Sometimes the retort dross is added to the softening furnace, 
after its own dross has been removed, that the silver may be taken up by the 
lead, and the impurities oxidized and taken up by the skimmings. It is not 
often that the dross is added to the charge of the bullion blast furnace. 

The blue powder, consisting of a mixture of finely divided metallic zinc and 
zinc oxide, always contains some silver, say from 4 to 5 oz. per ton. It is not 
readily disposed of. If distilled by itself with the addition of charcoal, it yields 
from 33 to 55 per cent, of its zinc. At some works it is fed back to the retort 
with the following charge of zinc crust; at others it is added with the first zinc 
to the desilverizing kettle, that the metallic zinc may be taken up. If this is 
done, 50 lb. of blue powder are charged at a time into the kettle before the lead is 
tapped into it from the softening furnace. It is stirred into the bullion while 
this is rising in the kettle. It does not remove much silver from the kettle, but 
serves rather to saturate the lead with zinc, and to assist in removing the gold 
and copper. Sometimes the blue powder is screened to remove all coarse par- 
ticles and is then sold to zinc works, or it is treated by zinc works which re- 
turn to the refinery both the spelter and the residue. Since the treatment of 
mixed zinc-lead sulphide ores by a sulphatizing roast, followed by solution in 
sulphuric acid and electrodeposition of zinc, has become an established process, 
there is furnished a simple way of disposing of this unwelcome intermediary 
product. 

In some European works it is dissolved in sulphuric acid and the zinc 
vitriol sold or converted into, lithophone, a white paint which is a mixture of 
BaS04 and ZnS, resulting fron the double decomposition of BaS and ZnS04.^ 
Since the use of the Howard stirrer and press, these products are being formed 
in small quantities only, and have lost the importance they formerly had. 

^Webb, Min. Eng, World., 1913, xxxvm, 727* 
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268. Litharge. — This is reduced in a reverberatory furnace or goes to the 
bullion blast furnace; if free from Cu,.it may be added to the softening furnace 
after drossing. Though the reduction of litharge in the reverberatory furnace 
is preferable from a metallurgical and economic' point of view, the blast furnace 
is in more common use, as refining works are thus enabled to smelt dry silver 
ores at a smaller charge than Western smelteries, which usually suffer from 
scarcity of lead ores. It is important for a refinery to smelt some ore in treating 
by-products in order to make new slag, and not be forced to smelt old slag over 
and over, which is expensive and causes losses in lead and silver, as these slags 
become gradually very rich in zinc. 

26g. Old retorts, cupel bottoms, etc., are added to the charges of the 
bullion blast furnace. 

270. Results and Cost.- — The output of silver with average lead bullion, 
running from 150 to 300 oz. Ag, and ± 0.5 oz- Au per ton, being pretty free 
from dross, but containing some As and Sb, is never less than 99.5 per cent.; 
generally there is a slight surplus of Ag, as the losses in the commercial assay 
are not taken into account in considering the silver that entered the plant. 
With Au, the yield is from 98 to 100 per cent.; a surplus is rare unless the lead 
bullion is very rich in gold. With Pb, the recovery is from 98 to 98.5 per cent, 
as long as the bullion contains little As and Sb; with bullion assaying As 2 and 
Sb 3 per cent., the lead loss will reach 4 and 5 per cent. 

No detailed statement can be made about the cost of refining that would 
be generally applicable, as the single items vary greatly in different refineries. 
Iles^ gives the operating expenses at Denver, Colo., in 1900 as $3.45 per ton of 
lead bullion, excluding reworking of intermediary products and overhead 
charges. At present this cost, including the reworking of intermediary products, 
ranges from $3.25 to $5.00 per ton, depending upon the size of plant and the 
facilities for handling materials. If overhead charges, such as interest, salaries, 
marketing, etc., are taken into account, the above figures will ■ have to be 
doubled. 

A good-size plant is one which treats about 5000 tons lead bullion per month. 
The works of the International Lead Refinery, East Chicago, Ind., which have 
an annual capacity of 60,000 tons lead bullion, are valued in the report of the 
Anaconda Copper Mining Co. at $480,000 (pre-war prices), which equals $8.00 
per ton of lead bullion. ^ 

271. Records.® — In a refinery where so many intermediary products result, 
it is essential to know how much silver, gold, and lead is contained in each of 
them. These quantities vary a great deal with the different kinds of bullion 
treated. It is therefore essential to be able to follow up the metals from the 
time they enter the refinery until they leave it. A form of the so-called ‘‘kettle 
book” is subjoined. 

^ Eng. Min. 1900, lxx, 185. 

® Ingalls, Eng. Min. J., 1917, cm, 1051. 

* Argali, Min. Sc. Press, 1906, xcm, 573, 722. 
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EIettle book^ 


I9I- 

date 

Lot 

Name of 
bullion 

Charge 

Gross 

weight 

Assay: 
oz. per ton 

1 Content: 

j total ounces 

Month 

Day 

No. 


No. 

Lb. 

Ag 

Au 



> 

c 








1 I 

1 1 

1 

i 1 


Softening 

dross 

Softening 

skimming 

Kettle 

dross 

Net weight 
in kettle 

Assay: ! 

oz. per ton i 

1 Content: 

j total ounces 

Lb. 

Lb. 1 

Lb. 

Lb. 

Ag 1 

Au 1 

Ag I Au 







1 

1 


Zinc added: 
lb. for 

First crust 

Assay: 
oz. per ton 

Content: 
total ounces 

Au, Ag 

Lb. 

Ag, Au 

Ag, .A.U 



1 

i 

! 


Second 

crust 

Refining 

skimming 

Refined 

lead 

Coal 

Remarks 

Lb. 

Lb. 

Lb. 

Tons j 







It is to be noted that the ‘‘net weight in kettle,” before adding the first zinc, 
is found by deducting the sum of weights of softening dross, skimmings, and 
kettle dross from the lead bullion charged into the softening furnace. The 
“net weight in kettle, ” after adding the first zinc, is found in a similar way, by 
adding the pounds of zinc used for making the first crust to the net weight before 
the first zinc addition was made, and deducting the weight of the first crust from 
this sum. 

The other principal books kept in a refinery are: the retort book; the 

1 Owing to the form of this volume, it has been necessary to put the headings in four 
rows one beneath the other, but in the actual kettle-book they simply run across the two 
opposite pages in one line. 
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cupellation-book; the books for reverberatory furnaces I (liquating softening- 
dross and-skimming) , II (reducing refining-skimming and liquating hard 
lead), and III (smelting dross and skimming with galena); and special 
assay books for the softening furnace, desilverizing kettle, retorts, cupelling 
furnaces, etc. 

272. Relative Advantages of Parkes and Pattinson Processes. — The many 
advantages^ that the Parkes process has over that of Pattinson have made it 
the desilverizing process used in the United States. There is, however, one 
instance in which Pattinson might be preferred to Parkes. It is when the 
lead bullion is rich in Bi. During the crystallization, Bi follows the liquid 
lead. It is thus concentrated in the rich lead, and can be recovered when this 
is being cupelled. The Bi content of the market lead thus becomes very much 
lowered, although not quite removed. In Parkes process, the Bi enters only to 
a small extent into the zinc crust, with the result that the refined lead may 
become richer in Bi than the original bullion. This difference is shown by the 
two analyses in Table 135 by Hampe- from Lautenthal market lead, where 
Parkes’ process replaced that of Pattinson. 


Table 145. — Analyses of Pattinson and Parkes Refined Lead, Lautenthal 


i 1 

Cu 

Sb 

As 1 

' Bi 1 

A. 1 

Fe 1 

Zn 

Ni 

Pattinson.. 99.966200 
Parkes. ... j 99 .983139 

0.013000 

0.001413 

0 .010000 
0.005698 

None 

None 

0 .000600 
0.005487 

0.002200 

O.OOO46O1 

0 . 004000 
0.002289 

0 .001000 
0.000834 

0 .001000 

0 .0006S0 


An interesting combination of the two processes is found at Freiberg, 
Saxony, 3 where the original lead bullion, containing from 116 to 233 oz. Ag 
per ton, and from 0.02 to 0.06, rarely 0.16 per cent. Bi, is concentrated by 
crystallization to a liquid lead with 0.17 per cent. Bi, assaying 583 oz. Ag 
per ton, which is cupelled, while the crystals averaging 30 oz. Ag per ton are 
desilverized with zinc, the bismuth in the market lead not exceeding 0.02 per 
cent. 

Large shipments of lead bullion with considerable quantities of bismuth 
are of rare occurrence in refining works. Occasional ones are worked in with 
other bullion that is free from, or at least low in, bismuth. 

The practice of Freiberg has been reversed in the United States where the 
lead bullion usually shows higher values than that treated in Europe. The 
lead bullion is desilverized by means of the Parkes process, and the Bi-content 
of the refined lead lowered by Pattinsonizing to 0.05 per cent., the dividing line 
between corroding and non-corroding lead. 

At the International Lead Refinery of East Chicago, Ind.,^ refined Parkes 

^ PMlips, Eng. Min. J., 1887, xxm, 363. 

^ Zt. Berg. Hiltten. Sal. W. i. Pr., 1870, xvm, 195. 

® Eng. Min. J., 1886, XLn, 400; Berg. HiiUenm. Z., 1887, xlvi, 45, 192; 18 9, xlvui, 116. 

* Hulst, Tr. A. I. M. E.^ 1914, xlix, 532. 
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lead is likely to contain from o.o8 to 0.12 per cent. Bi; this is reduced by two 
crystallizations to 0.05 per cent, or less, or by a single crystallization if the 
crystals are pressed. 

At the Omaha plant of the American Smelting and Refining Co., there was 
in operation the Tredinnick process (§213-218), which also produced corroding 
lead from lead which had been freed from precious metal by the Parkes process. 

CUPELLATION PROCESS 

273. Cupellation, General. — The process of cupellation has for its object 
the separation of lead and silver. It consists in melting and heating in a 
reverberatory furnace argentiferous lead with access of air, to the temperature 
at which litharge forms freely on its surface. This is run off and is in part 
absorbed by the hearth, while the silver, having scarcely any afl&nity for oxygen, 
remains behind in the metallic state. The oxidation of the lead is principally 
effected through the action of the blast playing over its surface, but is also 
assisted by the litharge when formed, as 
this absorbs oxygen and gives it off again 1000' 
to the lead and its impurities. The most 
important of these are Cu, As, Sb, Bi, Te, 900 
Ag, and Au. 

I. Copper. — The bulk of the Cu is re- 
moved with the dross. The Cu remaining 
with the Pb after dressing, is taken up 700 
only very gradually by the litharge. As 
it has less affinity for oxygen than Pb, its 
oxidation must be caused not so much by I 
the action of the air as by a large quantity 
of litharge acting on a small amount of 
copper. With reversed conditions Cu20^ ^ 

oxidizes Pb. The oxidizing action of 
CU2O contained in the litharge seems to 
be the cause of the fact that cupriferous 
Pb is cupelled more quickly and with less ^ 
loss in Pb and Ag than if the Pb were free 
from Cu. A satisfactory e^lanation for 
this is found in the fact that PbO and 
CusO forms an eutectic (§29) which 
makes it possible to cupel at a lower temperature than would be the case if 
Cu were absent. KerP states that in cupelling 30 tons of argentiferous lead 
containing from % to i per cent. Cu, the operation lasted 24 hr. less than 
when Cu was absent, and that the losses in metal were as 2:7. 

^ Berthier, “Trait6 des essais,” Thomine, Paris, 1834, Vol. n, p. 663. 

Hofman, “Copper,” 1918, 387. 

* “Gnjudriss der Metaljijiutteiikmide,’' Felix, Leipsic, 1881, 270. 
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Fro. 635. — ^AUoy series Ag-Bi. 
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2. Arsenic and Antimony . — These two metals are in part volatilized, in 
part oxidized and scorified by litharge, forming shimmings just as in the soften- 
ing of lead bullion. They have no special influence on cupellation proper. 

3. Bismuth . — Bismuth is concentrated with the Ag in the Pb until toward 
the end of the process, and then greatly retards the progress of the work. 
It is finally oxidized and enters the litharge, giving this a greenish color, and is 
absorbed by the hearth material, while the Ag also retains some Bi with great 
tenacity. The freezing-point curve of the alloy series Ag~Bi, Fig. 635,^ shows 
an eutectic with 97.5 per cent. Bi, freezing at 262° C., and a solid solution of 
Bi in Ag of 5 per cent. If the Bi is to be recovered, the Ag is concentrated only 
to a certain degree (say to 50 or 60 per cent.) in the Pb, which is then cupelled 
in a separate furnace; the saturated part of the hearth of this furnace and the 
litharge form the raw material for the extraction of bismuth in the wet way. 

Tellurium .^ — This has a strong affinity for Ag, similar to that of Cu. The 
research of Pellini and Quereigh® has shown the existence of two chemical com- 
pounds, the stable AgsTe (hessite), melting at 959° C., and the unstable AgTe, 
melting at 414°? which undergoes a change at 412°; and two eutectics, Ag-Ag2Te 
with about 12 per cent. Te, freezing at 872° C., and Ag2Te(AgTe)-Te with 
about 70 per cent. Te, freezing at 351°. The later work of Chikasigi and Saito"^ 
replaces AgTe by Ag7Te4. Copper® forms with Te the two compounds Cu4Te3 
(620° C.) and Cu2Te (856° C.) . In cupelling retort bullion with 0.3 1 per cent. Te 
at Pertulosa, Italy, the products given in Table 146 were obtained. 


Table 146.— Products erom Cupelling Lead Bullion Containing Tellurium 
Products Te Se As Sb Pb Ag Au 

First litharge o . 2 1 70 [ , 

Crude silver, while brighten- 0.0487I Trace j Trace j 0.0197 0.1785 (a) 96.2711 0.6190 
ing. 

Second litharge 3 -3437' Trace Trace 0.097274.3440 1.1292 0.0008 

Refined silver 0.01301 Trace Trace Trace 0.0038 98.4937 0.6340 


Products 

Cu 

Bi 

Fe 

Zn 

Ni, Co 

Cupel 

bottom 

0 and 
loss 

First litharge 








Crude silver, while brighten- 
ing. 

Second litharge 

Refined silver | 

I -93321 

5.9709 

o. 84 S 4 j 

0.0140 

0.0538 

0.0028 

0.0113 

0.0608 
' 0.0073 

0.0032 

0.0211 

Trace 

0.0013 

0 . 0041 
Trace 

2.4580 

12-5174 


(o) By difference. 

^ Petrenko, Zt. anorg. Ckem., 1906, l, 138. 

* Heberlein, Berg. SUttenm. Z., 1895, nv, 41; Min. Ind., 1895, iv, 481. 

» AUi ReaXe Accademia dei Lincei, 1910, xix*, 415, 445, through /. Inst. Met., 1911, v, 317. 

* Mem. CoU. Sc. Kyoto Imperial Univ.y 1916, i, 316; through Chem. Abstracts, 1917, xi, 447. 

“ CMkashige, Zt, anorg. 1907, liv, 54. 
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A sample of the silver shown in the table, taken during brightening, had a 
bluish-gray color, was brittle, and showed a fine-grained fracture. In order to 
remove the impurities, some lead was added, giving the second litharge and 
refined silver. Of the Te contained in the crude silver, 6i per cent, entered 
the litharge, 1.4 per cent, remained in the refined silver, and the difference, 
37.6 per cent., was volatilized or absorbed by the hearth material. The volatile 
character of Te was clearly shown by assays of flue- dust, samples from 70 to 
90 ft. from the furnace being richer in Te than those close by. 

5. Silver. — The litharge obtained in cupelling always contains some Ag, 

the amount increasing with the richness of the lead. The presence of Ag is 
due to particles of argentiferous lead carried mechanically by the litharge, 
and to Ag or some Aga :0 held in solution by the litharge. StahT finds that 
loses O at 130° C., and cannot therefore exist at a cupelling temperature of about 
800° C. On the other hand, Wait^ dissolved from litharge containing 2.94 
per cent. Ag, by means of cold acetic acid, 10.47 cent, of the Ag-content, 
and, when brought to a boil, as much as 18.67 19.25 per cent, of the Ag; 

when added boiling, no Ag went into solution. As Ag is insoluble in the acid, 
the silver must have been present as an oxide unless there is formed a silver 
plumbite about which nothing is known. Kohlmeyer,® who investigated the 
subject, came to no conclusion as to the form in which Ag is present; he 
found, however, that molten litharge could dissolve from 3 to 6 per cent. Ag, 
and that its freezing-point was lowered by the Ag to 840° C. Dudley^ finds 
that the dissolving power of litharge at 1100° C. for Ag is 7 times as great 
as that at its melting-point. His experiments show that litharge in contact 
with lead bullion will dissolve Ag until the distribution equilibrium for a given 
temperature has been established. If the litharge was richer in Ag than the 
bullion, Ag will be taken up by the bullion until the equihbrium has been 
reached. He finds that the concentration of Ag in htharge is directly pro- 
portional to its concentration in the bullion; that for bullion with up to 8 or 
10 per cent. Ag, the concentration of the Ag in the litharge is proportional to 
the weight-percentage in the bullion; and that with richer bullion the pro- 
portionality lies between the atomic or molecular percentages of Ag in litharge 
and bullion. As regards the form in which Ag is present in molten litharge, 
he holds that, being a good conductor of electricity, molten litharge ought to | 
show some degree of dissociation, and that the Ag, present in small quantities, * 
ought to be more or less dissociated and be present for the most part as Ag ions. 

6. Gold. — This follows the Ag in the cupellation, but none of it, or perhaps 
a trace, is found in the litharge. 

According to the general construction of the furnace, and the consequent 
mode of operating, cupellation is generally discussed under two heads: German 
Cupellation and English Cupellation. 

^ Metallurgie, 1907, iv, 688. 

^Tr. A. I. M. £., 1886-87, XV, 463. 

*Ckem. Z., 1912, XXXVI, 1079. 

*Mef. Chem. Eng-^ 1916, xiv, 636, 695. 
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274. German Cupellation, General.^ — The characteristics of this method 
are: that a large reverberatory furnace with a fixed bed and a movable roof; 
that the bullion to be cupelled is all charged at once; and that the silver is 
not refined in the same furnace in which the cupellation was carried on. 

375. Furnace. — The furnace selected for illustration is the one in operation 
at Pribram^ (Figs. 636-639). It differs somewhat from the generally accepted 
circular form,® and is an improvement on it. Fig. 636 shows the fireplace, a, at 
the right, and the flue, b, at the left, of the hearth. Fig. 637 represents a hori- 
zontal section of one furnace, and the fireplace, a', of a second furnace, the 
furnaces being built in pairs. The products of combustion pass downward 
through four separate flues, b, -which unite in one main flue, c, leading to the dust- 
chambers. In Figs. 638 and 639 are seen two vertical sections on the same line, 
EF, Fig. 638 representing the furnace before, Fig. 639 after, tamping in the 
hearth. The furnace is built of common red brick, with the exception of the 
parts that are exposed to the flame, as indicated by the cross-hatching. In the 
upper part of the foundation and in the side walls small channels, d, and, e, reach- 
ing outward, are left open. They serve as drains for the moisture. At the back 
of the furnace are three openings, /, through which the tuyere-pipes are intro- 
duced. At the front is the litharge channel, g, which can be closed by a sliding 
door; a cast-iron breastplate, h, serves as support for the upper hearth, i. The 
movable arched roof, k, rests on an angle-shaped cast-iron ring, I, and is removed 
with a differential pulley suspended from a traveler. On the foundation is 
built a brick bottom, m, the brick being set dry. Beneath its lowest point, just 
below the cavity, n, is a cast-iron plate, 0, to prevent any leakage of metal through 
the drain, d, should the working hearth crack or be injured in any other way. 
The flues leading from the fireplace, a, to the hearth are shown in j. The fire- 
brick part of the furnace is encased in cast-iron plates that have openings cor- 
responding to the upper drains. The whole furnace is well bound together by 
buckstays and tie-rods. The fuel used is a mixture of bituminous coal and 
lignite; the ash-pit is closed, as undergrate blast is used. 

276. Plattner Cupelling Furnace. — ^In this connection may be mentioned 
the Plattner^ modified German cupelling furnace. It has the form of a rever- 
beratory furnace; the hearth is rectangular in plan (13 by 83^^ ft.), and receives 
its blast from two pipes on either side of the firebridge; the litharge channel 

^ The author is fully aware that the German cupelling furnace is hardly found in this coun- 
try, and has been given up in many European continental plants. If, nevertheless, the sub- 
ject is treated here in more detail than may seem necessary, the reason is that the steps com- 
mon to both t3^s of furnaces can be made clearer -with the German furnace, as here the entire 
bullion to be cupeUed is charged at the start and not gradually as with the Enghsh furnace. 
Thus, the several stages of the process follow one another in their regular order, and do not 
overlap and become obscured as is the case with the Enghsh method of working. 

^Oesierr. Jahrb., 1890, xxxvni, 46; Privates notes, 1890. 

Berg. HUUen. Sal. W. i. Fr., 1874, xxn, 89; Berg. Hiittenm. Z., 1872, xxxr, 415. 

^Drawings in Arche, “Die Gewinnung der Metalle,” Ledpsic, 1888, Heft i, Plate i. 

Schnabel-Louis, “Handbook of Metallurgy,” 1905, 1, 705. ’ 

Besults in Berg. BLUilenm. Z.^ 1886, xiv, zxi. 
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Figs. 636 to 639. — German cupelling furnace, Pribram, Bohemia. 
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is at the opposite end, beneath the flue, which carries off the products of com- 
bustion as well as the lead fumes. Less fuel is required and less metal volatilized, 
because the litharge need not be heated to such a degree to remain liquid; and 
no fumes enter the cupelling room, as they are all carried off with the fuel gases. 
Most of the English cupelling furnaces erected at present are constructed on 
the Plattner model. 

277. Mode of Operating. — The operations necessary to work a charge are 
six in number: preparing the working bottom, charging and firing the furnace, 
softening the bullion, cupelling the softened bullion, removing the crude silver^ 
and refining the crude silver. 

1. Preparing the Working Bottofn . — The material to be suited for preparing 
the hearth, must be basic, must not be attacked by the litharge, nor crack, must 
be sufficiently porous to absorb some litharge, and free from any reducing agent 
(organic matter, metallic sulphide). The material most used is a marl. The 
composition of that used in the Harz Mountains varies, according to Kerl and 
Wimmer,^ within the following limits: Si02 21.22 to 22.24, AI2O3 5.39 to 6.76, 
Fe203 3.54 to 5.39, CaCOa 65.65 to 66.41, MgCOs 1.05 to 2.22 per cent. Usually 
the hearth material is a mixture of dolomite or limestone with fire-clay. For 
instance, at Tarnowitz^ a dolomite of the composition, Si02 6.00, AI2O3 
7.00, Fe^Os 4.10, CaCOa 49.86, MgCOa 32.82, is mixed with 25 per cent, of 
clay. At Freiberg® 2 vol. blue marl, (CaCOa 57.0, MgCOa 2.0, Fe(AI)203 1.9; 
clay-substance 38 per cent.) and i yellow marl (CaCOa 54.53, MgCOa 20.55, 
Si02 12.72, AI2O3 6.07, FeCOa 1.77, H2O 4.50 per cent.) are crushed in a ball 
mill with 10 per cent, clay (AI2O3 30.44, Si02 58.28, MgO 0.08, CaO 0.26, 
Fe203 0.90, K2O 0.06, per cent.) to suitable size. At Pribram three parts 
of limestone are ground together with one part of clay so as to pass a 5-mesh 
sieve; at other places an 8-mesh sieve is used. The hearth material has to 
be moistened before it is beaten down in the furnace. For this purpose,, it is 
spread on the floor, sprinkled with water from a hose, and turned over and 
over with a shovel, that the moisture may be equally disseminated through the 
powder. If left over night, it must be covered with wet cloths and worked 
•again the next day. The material is of the right consistency if, when pressed 
in the hand, it coheres to a lump, but has not sufficient moisture to adhere to 
the hand. The hearth material is sifted through a coarse hand-sieve, just 
before using, and any lumps that may have formed are broken up or thrown 
aside. Sometimes it is introduced all at once, sometimes in two separate layers. 
The latter is the way at Pribram, as Fig. 639 shows, being the upper and, i', 
the lower bottom. Before the prepared mixture is put in, the brick bottom is 
sprinkled with water, that it may not take up any moisture from the hearth 
material. At Pribram the lower bottom, is first tamped down to the form 
shown in the drawing. The tool required, the tamping-iron, is a cast-iron 
disk of about 6 in. in diameter and i in. in thickness, with a socket into which 

^Berg. Hiitienm. Z., 1853, xn, 241. * • 

Berg, Hiiiten. Sal. W. i. Pr., 1884, xxxn, 107. 

^K-ochinke, Freiberg. Jahrh.^ 1^898, 98. 
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fits a wooden handle about 4 ft. long. The tamping is begun at the center, 
proceeds in the form of a spiral to the side walls, and returns in the same man- 
ner, care being taken that the circular indentations shall overlap in part those 
made in working outward. By giving attention to this point, the surface will 
be beaten evenly, which is essential. Before putting down the upper bottom, 
the surface of the lower one is roughened by scratching with the point of a 
chisel. This is done that the bottom to be put down may adhere to the one 
already in place. The tamping of the upper bottom is done in the same way 
as the lower, only the surface, when finished, must be perfectly smooth. It is 
of prime importance that the hearth should have just the right degree of hard- 
ness. This is easily indicated to the ear and hand after a little experience. If 
too hard, it will crack and not be sufficiently porous; if not hard enough, it will 
absorb too much lead. If the material was too dry, the hearth will peel when 
heated; if too wet, it cannot be beaten to the desired hardness, as it acts like 
a cushion. In order to prevent its adhering to the tamping-irons, these are 
slightly warmed. The thickness of the hearth at the bottom and sides varies 
somewhat; the least is perhaps 6 in. at the bottom and 8 in. at the sides. The 
general rule for the curvature of the hearth is that the more concave the bed 
is the easier will be the cupelling and the harder the finishing; the flatter the bed, 
the harder the cupellation and the easier the finishing. When the hearth is 
completed, a cavity, n (i in. deep and 34 in. in diameter), is cut in the deepest 
part to receive the silver. It is situated a little to one side of the medial line, 
toward the fire-bridge, that the silver may easily be kept molten at the end of 
the operation. 

2. Charging and Firing the Furnace. — The furnace receives its charge of 25 
tons of lead, enriched by the Luce and Rozan process. Sometimes the bottom 
is covered with straw before charging, to prevent its being damaged during the 
operation. The bars are placed in such a way as to leave an open space reaching 
from the tuyeres to the litharge channel. The hood is then lowered on a clay 
lute placed on top of the furnace. The litharge channel is closed by lowering 
the door, the fire kindled on the grate, and soon the blast below let on. 

3. Softening the Bullion. — The lead melts down slowly. The dross rises to 
the surface and is drawn off through the litharge channel. The temperature is 
raised and the blast put on through three tuyeres, the skimming forms and is 
drawn off, and finally pure litharge takes its place. At the very beginning, 
when the dross is being removed, bubbles of gas are seen to pass off from the 
surface of the lead, and this continues through almost the whole cupellation. 
They are mainly HgO-vapor and are mixed with CO 2 resulting from the 
decomposition of the magnesium and calcium carbonates of the hearth 
material. 

4. Cupelling the Softened Bidlicn.—^Th^ temperature is lowered and the 
volume of blast diminished. Both are kept low during the larger part of the 
operation; they are raised only toward the end, when the enriched silver-lead 
alloy requires a higher temperature to give up the last parts of lead. When the 
skim mi Tigs have been removed and the cupellation has somewhat progressed, the 
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convex surface of tlie lead will be exposed to the action of the blast, while the 
lead near the periphery will be covered with litharge. The width of this rim 
depends on the rate at which the litharge is allowed to run off through the lith- 
arge channel. As litharge melts at 883° C., a temperature of 900° C. has to be 
maintained, if it is to remain liquid. Lead, melting at 327° C. would be volatil- 
ized to a considerable extent, if fully exposed to the action of the blast at this 
high temperature. The litharge is therefore allowed to run off only to such 
an extent as to give the rim a width varying from 12 to 15 in. at the beginning, 
and of 5 in. toward the end of the operation. The blast playing on the surface 
of the lead, forms small waves and drives the litharge toward the channel. The 
pressure is about 8 oz. per sq. in., and about 300 cu.ft. of air are delivered per 
min. through the three tuyeres. In order to remove the litharge, a gutter is 
cut into the channel by means of a scraper. This is an iron rod, 8 ft. long and 

in. in diameter, flattened out at both ends. One of these is bent to encircle 
a wooden handle, and the other, only slightly flattened, is sharpened and bent 
to the form of a hook. In cutting the gutter, the entire edge of the tool must 
be used, and not one of the comers. If larger pieces of the breast are to be cut 
out, it is done with a chisel-pointed bar, say in. in diameter. The rate 
at which the litharge runs off depends on the depth of the gutter and the strength 
of the blast. The depth is correct when the litharge runs off in a thin stream 
which stops as soon as the blast is lowered. If it runs too fast, the rim of 
litharge in the furnace decreases, and lead is volatilized; the litharge is 
not sufficiently desilverized, from too short a contact with the lead beneath it. 
If it runs too slowly, the rim of litharge becomes too broad and the cupellation 
is retarded; there is again loss in silver by the higher temperature that is re- 
quired to keep the larger amount of litharge fluid, and if the temperature be 
not raised sufficiently, lead wiU be carried out mechanically by the litharge. 
The litharge gutter is first cut into the breast on the side farthest away from the 
fire-bridge and gradually moved toward the opposite side, that the final litharge 
maybe drawn off as near the fixe-bridge as possible. The current of the litharge, 
when flowing out of the furnace, is directed in such a way as to form a large 
cake in front of the furnace. In some instances a U-shaped piece of sheet-iron 
is placed upright in front of the channel, that the Ktharge may collect in a rec- 
tangular block. Before removing this, the litharge in the center, that is still 
liquid, is tapped from near the bottom of the cake. The litharge resulting from 
the cupellation is graded according to the silver contents and the percentage 
of impurities (copper, bismuth, etc.), into marketable litharge and into a by- 
product to be treated by a separate process. As the cupellation progresses to- 
ward the end, the temperature is raised and the blast increased, the side tuyere- 
openings are closed, and two tuyere-pipes introduced through the central open- 
ing; finally, the last film of litharge disappears from the surface of the lead with 
a characteristic phenomenon, the so-called brightening,^ which every reader has 
watched while making a silver assay. 

1 Van Riemsdijk, Berg. Smenm. Z., 1880, xxxix, 247, 275, and Bock, op. cU., 1880, xxxix, 
409, have made interesting investigations on this subject. 
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The products of the Pribram cupelling furnace have, according to Dietrich, 
the compositions shown in Tables 147 and 148. 


Table 147. — Cupellation Products oe Pribram 



Dross 

Tin 

skim- 

ming 

Anti- 

mony 

skim- 

ming 

Red 

lith- 

arge 

Green 

Hth- 

arge 

Cupel 

bottom 

Flue- 

dust 

Pb 

30-75 

13-40 












PbO 

55-27 

64.97 

77-95 

98.370 

98. 140 

68.860 

64.41 


PbO combined with (AsSb)20s 



11.87 











CuO 

1.99 

0.29 

0.28 

0.069 

0.080 

0.070 

Trace 

Trace 



Trace 








1.42 

1.83 

0.72 

1.87 

6.76 

10.31 

0.92 

5-85 

Trace 

0.004 

0.010 

0.074 

0.009 

0.067 

Trace 

11.40 


0.530 


Ag 





AgaO 

0.307 

|o .54 

0.13 

0.09 

0.189 

1 0.23 

0.05 

Trace 

0.004 

0.072 

0 . 0048 
0-056 

0.170 

2. 120 

0.013 

AI2O3 

0.32 

FfioO^i 


0.14 

Trace 

0.010 

0.009 

0.014 

0.012 

0.300 

Trace 


ZnO 

0.50 

Ni 

NiO 

0.04 

0.95 

0.005 

0.256 

0.00s 

0.362 



CaO 

0-45 

0.43 


Trace 

CaCOs 

24.100 ^ 
Trace 

MgO 







CO2 




0-383 

0.320 

0.432 

0.350 


Si02 

1-75 

2.30 

4.12 

0 - 94 

0.65 

1 - 37 

0.37 

0.09 

2.970 

4-35 

-{-ash 

S.. ' 

SO3 

0.034 

0.027 

0.040 

16.65 

Trace 

c 

Trace 








Table 148. — ^Analyses or Crude Silver 



Pribram (0) 

Freiberg (6) 

Wyandotte, Mich, (c) 

Ag 

95 

92.180 

98.6910 

99 - 593 ° 

Pb 

5 

4.210 

I .0900 

0.2600 

Cu 


2.104 

0.1170 

0 . 1060 

Ni, Co.. 


0 . 600 

0 . 0040 

0.0080 

Fe 



0.0900 

0 . 0310 

Bi 

Trace 


0.0058 


Au 

Trace 


0.0023 

0.0015 


(ff) Oest. Jahrh., 1&90, isxxvin. 40. (ft) StOlzei ‘“Metallurgie,” ‘Vieweg, Brunswicic, 1863--86, 1182. 
Tr. A. 1 . M.E., II, p7. 
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The time required to cupel the 25 tons of rich lead is 80 hr. It is divided 
as shown in Table 149. 

Table 149. — Time op Cupelling Charge, Pribram 

Hours 

Preparing the hearth material, making the hearth, and charging the lead. 8 


BI citing, and wheeling the necessary coal 16 

Dressing 6 

Drawing the tin skimming 6 

Drawing the antimony skimming 3 

Running off market litharge 23 

Running off rich litharge 18 

~ 8 ^ 


The cupellation is in^charge of three men, each with a helper, working in 
8-hr. shifts. For every 100 tons of lead bullion are consumed 19.63 tons of coal 
and 23 bushels of hearth material (which includes the refining of the silver). 
The loss in Ag is 0.83 per cent.; that in Pb, 4.33 per cent. The figures 
do not include the loss endured in re-treating some of the by-products. 
Thirty-six per cent, of the litharge is low enough in silver to be sold in the 
market, the bullion from which it is made averaging 167 oz. Ag per ton. 

5. Removing the Crude Silver . — After the silver has brightened, the blast 
is shut off, the tuyere-pipes are removed, and the litharge gutter is closed with 
a ball of clay. Two knife-shaped pieces of wrought iron are introduced through 
the litharge channel and pressed into the cake of crude silver. First warm, 
then cold, water is allowed to run into the furnace, and the silver then removed 
through the central opening at the back. It is cleaned, weighed, etc. The 
furnace is left to cool till the next day, when the hearth is examined for small 
particles of silver that have adhered to it. The upper hearth is then removed 
with a pick. Part of it is soaked with litharge to a depth of 2 or 3 in. This is 
separated from the unsoaked part, which is mixed in with the hearth-material 
for the next charge, while the lead-soaked part goes to the blast furnace.* 

6. Refining the Crude Silver . — The refining of the crude silver has for its ob- 
ject the removing of impurities, which vary from 2 to 10 per cent. Formerly 
this was done exclusively in a small oval reverberatory furnace, having a working 
door at one side or at the flue-end, and a working bottom of similar composition 
to the cupelling bottom, the reason being that the loss in silver and the con- 
sumption of fuel were considered very much smaller than if the firing was done 
in the big cupelling furnace. OhP and Foehr^ have since proved this not to cor- 
respond to the facts, and the refining in a separate furnace has received a check. 
Since Roessler® discovered how to refine crude silver in a plumbago crucible 
by means of silver sulphate, the refining in a separate furnace has been 
abolished entirely at some works. 


^ Berg. SUttenm. Z ., 1879, xxxvn, 274. 
bid., 1885, XLiv, 381. 
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Refining in a crucible is carried on at small works by melting the silver, and 
uncovering the crucible that the air may oxidize the impurities. These are 
stiffened by sprinkling bone-ash or hearth material on the silver and then re- 
moving it with a skimmer, the operation being repeated till no more impurities 
rise to the surface. A slag obtained by Curtis^ at Wyandotte, Mich., sand being 
used in refining, contained in addition to silicate of lead, the following metals: 
(NiCo)O 0.550.; CuO 0.203.; Bi203 0.026.; Ag 1.837.; Sb204 0.639.; AS2O3 
0.005.^ — total 3.260 per cent. • 

Roessler found that if Ag2S04 is added to melted Ag in a crucible, first the 
Pb and then the Bi are converted to sulphates, the Ag being at the same time 
set free. Cu is not removed by Ag2S04. By keeping separate the different 
slags he concentrates- the Bi in a comparatively small amount of slag, to be 
treated separately, while the first slag contains most of the Pb. To prevent 
the crucible from being attacked, he introduces a layer of quartz-sand on top 
of the Ag, and then stirs in the Ag2S04 in the middle. The sand serves at the 
same time to stiffen the slag, which is then removed with a skimmer. The 
process, as seen by the writer at the Lautenthal Smelting and Refining Works 
in 1890, differs slightly from the manner indicated above. It is as follows: The 
Ag2S04 is produced by dissolving Ag in H2SO4, of 66° Be., in a small cast-iron 
kettle. The solution is allowed to cool, is then diluted to 60° Be., whereupon 
nearly all the Ag2S04 will fall out as a slightly yellow cheesy mass. The super- 
natant liquor is drawn off as much as possible, and the remaining dilute acid 
driven off by heating. Special arrangements are required to cool the vapors, 
as they carry finely divided Ag2S04 along with them. The temperature is 
raised to redness in order to fuse the Ag2S04 (melting-point, 651° C.), which, 
when liquid, is cast into molds and is ready for use. The color of the melted 
sulphate is grayish green; it is hygroscopic, and is therefore kept in a lead-lined 
wooden box; 1000 parts contain 650 parts Ag. 

Crude silver of a fineness varying from 950 to 980 thousandths is melted 
in a plumbago crucible holding 700 lb. The crucible is heated with coke in 
a small cylindrical furnace having in the lower part two i3-:^-in. openings for 
the blast-pipes. On trying to stir in the Ag2S04j as advised by Roessler, 
it was found that sometimes it got beneath the layer of sand, spread over the 
silver, and corroded the crucible. To prevent this, a wrought-iron ring ( 3 -^ in. 
thick, in. in diameter, and 7 in. high) is coated on either side with a 3-in. 

layer of clay, and placed on the silver. Into the center are introduced with a 
ladle from 6 to 8 lb. of sulphate (the size of a hen’s egg) that has been warmed. 
As soon as it comes in contact with the silver this begins to boil. When the 
effect decreases, the silver is stirred with an iron rod to assist the action of the 
sulphate. From 25 to 30 min. after the sulphate has been added, this is 
completely decomposed, a slag has collected on the surface of the silver, and 
quartz is added to stiffen it, that it may be removed with a skimmer. 
A second, a third, and, if necessary, a fourth addition of Ag2S04 is given to 
make the silver fine. The test made for fineness is to dissolve some Ag in 

^ Tr . 4. M . E ., 1873-74, II, 98. 
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HNO3 and to supersaturate with NH5O. No precipitate must form even after 
standing. 

The amount of Ag2S04 required to fine the Ag is about times the total 
quantity of base metal present. Thus 700 lb. of crude Ag, being 970 fine, 
contain 21 lb. of base metal, which would require 31 lb. of Ag2S04 to be added 
in three portions. If the test with NH5O should prove this not to be sufficient, 
an extra addition is made. In 1890, 107,031 lb. of crude Ag with an average 
fineness of 970 required 6009 lb. of Ag2S04 which corresponds to about 2 parts 
of Ag2S04 to I part of base metal. Not all the Ag of Ag2S04 is taken up by 
the Ag in the crucible; part of it enters the slag, as shown by the following 
analysis made by Hampe : ^ 

SiOi 40.7, P2O5 0.64, SO2 0.61, S 0-15, FeO 13.47, AI2O3 0.43, BisOs 6.01, 
PbO 33.50, Ag20 2.05 ( = 1.88 Ag.), Cu 0.45, Sb 0.02, CaO 1.73, MgO 0.25, 
K2O 0-64, Na20 0.26 per cent. 

The main advantage of Roessler’s method of refining is to be found in the 
larger direct output of silver, and the concentration of the bismuth in a compa- 
ratively small amount of slag that is more easily worked than cupel-bottom and 
litharge obtained in the reverberatory used for refining the silver. 

278. English Cupellation, General. — The characteristics of this method are, 
a small or large re\"erberatory furnace with a movable bed and a fixed roof, 
and the fact that the bullion to be cupelled is charged gradually, and the silver 
usually refined in the same furnace in which the cupellation was carried on. 
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Figs. 640 to 644. — Old English cupelling furnace. 

279. Fumace.^ — ^This has undergone many changes from the original English 
furnace as described by Percy. ^ Figs. 640 to 644 represent one form of cupelling 
furnace which was commonly used in American refining works. The vertical 
section (Fig. 641) shows the general construction of the furnace, with fixe, 
place, a, vertical flue, 5 , and space, c, between firebridge wall, d, and 

^Berg, Hiittenm. Z., 1891, L, 187; Eng. Min. J., 1891, XU, 571. 

Metallurgy of Xrcad,” 178. 
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flue wall, e. This is closed at. the top by compass-ring, f, and the test 
when it has been put in place. The upper part of the furnace is encased in cast- 
iron plates; the side castings have a strengthening rib to resist the thrust of the 
roof. In addition, the front, g, of ash-pit, h, and the flue-end of the furnace, 
as well as inner sides i and j are protected by castings. . The usual buck- 
stays and tie-rods have been left out in the drawings. To be noted are the 
large grate area (4 ft. 6 in. by 2 ft. % in.), in comparison with the hearth area 
(4 ft. 4 in. by 3 ft. 6 in.), the height from the grate bearer, to the roof, I 
(2 ft. 4 in.), and the short distance in.) between the roof and the top of 
the compass ring, as they are all essential for good working. The flame from 
the grate-bars is directed downward by the pitch of the roof, and, being forced 
to pass through the small space between the shallow roof and the hearth, exerts 
all its heating force on the lead. By paying special attention to this part of 
the construction, it is possible to obtain a sufficiently high temperature to re- 
fine silver without being forced to use special kinds of bituminous coal. In 
fact, with undergrate blast, slack coal is good enough for cupelling, and nut 
coal is required only for fining, the coal being of ordinary grade. 

The grate in the drawing is so arranged that firing, as well as stoking, is done 
from the front. Another plan is to place the grate-bars parallel with the ends 
of the fireplace, and to stoke from the side of the furnace. If in such a case 
forced blast is used, the casting at the stoking side has two oblong openings, 
each to be closed by a cast-iron door, say 21 in. long and 6 in. high, having its 
two hinges on the lower side. The horizontal flue, m (Fig. 641), is seen in Figs. 
643 and 644 to be divided into three smaller flues, m' , increasing in width (ii, 
13, 16 in.) from the back of the furnace toward the front, the object being to 
prevent the flame from taking the shortest line toward the center of the flue, 
and to draw it somewhat toward the front, whereby the litharge floating on the 
front part of the lead is kept hot. At some works this flue is divided into five 
or six smaller flues. If the conditions of the draft are such that the flame rushes 
too much toward the center, this is remedied by placing one or more fire- 
bricks in the flue, which will correct the evil. At the back of the furnace there 
is only one door, n, through which passes the blast-pipe and through which is 
fed one pig of lead at a time. Most furnaces have three small openings, a central 
one for the blast-pipe and two lateral, through each of which a pig of lead 
is gradually pushed forward and melted away. The compass-ring, whose 
inner contour must, of course, correspond to the form of the test that is to pass 
through it, is intended for a rectangular cast-iron test having rounded corners. 
The upper rim, p, serves to hold in place the brickwork, with which its surface is 
covered. It extends all around the central opening, with the exception of the 
front, where it stops for a distance of 16 in., leaving room for the slot, g (4 in. 
wide), through which the litharge is to run into the litharge-pot. The 
outer contour of the compass-ring has the rectangular form of the furnace, 
and reaches from front to back. It thus forms at the front the support for the 
working tools, and at the back the support for the prop which gives the blast- 
pipe the desired pitch. At the front, the compass-ring is often left open the 
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entire length of the litharge-slot. In such a case the support for the tools is a 
special cross-bar (skimming- bar) let into the brickwork, or fastened in some 
other convenient manner. 

This furnace with working door at the side has three disadvantages. The 
draft sucks in air through the working door and cools the litharge flowing from 
the furnace, hence a temperature higher than necessary for cupellation has to be 
maintained in order to keep the litharge gutter hot; the size of the furnace is 
unduly limited and with it the rate of cupelling; the directions of flame and 
blast being at right angles to one another, causes an irregular travel of the lith- 
arge, and with it a likelihood of pellets of bullion being carried off. 

Since the advent of the Plattner modification (§265) of the German cupelling 
furnace, the Plattner principle of construction has been applied to the English 
furnace. Such a furnace is the one represented in Figs. 645-653, which was 
in operation at the works of the Pueblo Smelting & Refining Co. Pueblo, Colo., 
until the refining department was closed. The side elevation (Fig. 685) and 
plan (Fig. 686) show the general construction of the furnace. From the grate, 
a, worked with undergrate blast, the flame passes through a narrow flue, h 
(3 ft. wide), on to and across the hearth, c (5 ft. wide, increasing to 5 ft. in.); 
ascends in the vertical flue, d (2 ft. 6%^ in. wide), returns through the horizontal 
flue, e (23 in. square), and then descends through / (of same size ) into a main 
flue underground. Air for cupelling is delivered on to the hearth by the water- 
cooled tuyeres, i and i', on either side of the firebridge. The brickwork of the 
fireplace is protected on the hearth side by a heavy casting, g, the other three 
sides are strengthened by horizontal rails, h and h' , laid in the brickwork and 
secured by buckstays and tie-rods. The side walls of the hearth are inclosed 
by a heavy casting, j, the flange of which, q (Fig. 645, 646 and 648), supports 
them and forms at the same time the compass-ring for the test. The back of the 
casting is let into the brickwork of the fireplace, its sides are supported by the 
buckstays, k, and its front by the legs, 1. The flue, e, rests on iron plates, m, 
which are supported by longitudinal rails, n\ these are carried by the trans- 
verse rails, o, which are bolted to the flanges of two pairs of buckstays, and 
by the brickwork of the flue, /. The flue is bound with angle-irons and tie- 
rods. The test (Figs. 645, 646, 647, 649 and 650) consists of an oval ring, r, of 
boiler-iron, strengthened at top and bottom by flanges, s, and bound at the front 
by a loop-shaped hand of iron. It rests on a cast-iron bed-plate, t. Its manner 
of support is shown in Figs. 652 and 653. Two rails AA’ run along the bottom 
of the test; at one end they rest on the rounded bar, J 5 , supported by a pair of 
jackscrews, at the other they are held in place by the looped rods, RR' , sus- 
pended from the yoke, F, which is connected with a second yoke, F', by means 
of the right- and left-hand screw SS'^ By turning the wheel, TF, the front of the 
test can be raised and lowered without difficulty. Into the loop at the front 
fits the cast-iron breast-jacket (Fig. 651), which rests on the cast-iron bed- 
plate, t (Figs. 645-647). The test is not water-cooled, but in order to protect 
the filling material from the corrosive action of the litharge, a pair of water- 
pipes (w and w' y Fig- 647) is imbedded in it. 
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A second furnace of the same type but oil-fired is given in Figs. 654-656; 
its water-cooled test and bed-plate resting on a Rhodes cupel-carriage are 
shown in Figs. 657-660; and the detail of the cast-iron bed-plate in Figs. 661- 
664. The construction of the furnace is much simplified owing to the absence 
of the fireplace. The hearth-opening, 6 ft. 2 in. wide by 8 ft. 3 in. long, has 
rounded corners at the back, and is circular at the front. At the back are two 



ports for oil-burners, at the rounded corners two converging openings for blast- 
pipes; on each side is a working-door for access to the hearth and for pouring in 
retort bullion; at the front is the working-door. The side-walls rest on angle 
irons bolted to the buckstays tied top and bottom. The roof is supported by 
skewbacks similarly attached It will be noted that in this furnace, as well 
as in that of the Pueblo {S & Et 645-653, there is no brickwmk 

beneath the side-walls, the space being Icit open. This is diaracteristic of 
most modern furnaces. 
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Drawings of other furnaces, smaller in size and used in cyanide plants rather 
than in lead refineries, have been published by Weinberg,^ Smith, ^ Munroe,^ 
Clark, and Stanwood.^ 



Figs. 66 r to 664. — Detail of cast-iron bed plate of Fig. 657 to 660. 

280. Test Rings. — The test, which originally consisted of an oval frame 
of wr ought-iron iii- wide, in. thick) filled with bone-ash, has under- 

gone many changes in construction, manner of support, and filling material. 
In Figs. 665, 666, and 667 is shown a cast-iron test, i, resting on a Rhodes 



Figs. 665 to 667. — Cast-iron test on Rhodes carriage, National Works, South Chicago, 111. 

test carriage. It has a concave bottom and a cast-iron pattern of the cavity 
on the inside, both of which will be discussed further on. The test ring is 
rectangular in plan and has rounded comers. It fits into the cupelling 
furnace shown in Figs. 640-644. When in place its upper surface will be 

^ Tr. Austral. Instit. Min. Eng., 1901, i, 167. 

® Eng. Min. J., 1913, xcv, 603. 

^ Op. cit., 1137. 

*Tr. Inst. Min. Met., 1912-13, xxii, 68, 
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on a line with the upper rim of the compass ring, p (Fig. 641)- In front it 
has a 3-in. slot,/, which is closed when the filling material forming the hearth 
is being rammed in. The rectangular form of test offers a large surface for 
oxidation, and therefore more lead can be cupelled on it than on an oval 
hearth. 

Figs. 668-670 represent an oval cast-iron test ring, having a horizontal 
flange, a. When in place, the upper side of this will be close to or in contact 
with the lower side of the compass ring, / (Fig. 641), and the upper edge of the 
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Figs. 668 to 670. — Oval cast-iron test, Pennsylvania Lead Co., Carnegie, Pa. 
Figs. 671 and 672. — Front of test, water-cooled in part. 

Fig. 673. — ^Test with sides protected by water in cooling-pipes. 

Figs. 674 and 675. — Steitz water-jacketed test. 


test ring itself will be in line with the upper edge of the compass ring, thus 
making the distance between the roof and the surface of the lead as small 
as possible. The test ring protrudes over the horizontal flange at c, forming 
a loop, d. In tamping in the filling material the loop is not filled, in 
order that the litharge overflowing from the hearth may pass through it into 
the litharge-pot below; thus any contact between hot litharge and iron frame 
is avoided. Across the bottom of the test ring are four cast-iron arms, e, 
to hold the filling in place. 

With both tests the corrosive action of the litharge very soon eats out the 
filling, especially at the front, and in a onnparatively short time the test has 
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to be removed from the furnace and replaced by another. To counteract the 
corrosion of the front, and at the same time permit the raising or lowering of the 
litharge gutter, a water-jacket, as shown in Figs. 671 and 672, is fastened by 
means of bolts to the test ring, be this cast iron or wrought iron. The jacket 
has the same depth as the test ring and forms the breast. The litharge runs off 
through gutters cut into the filling, b (Fig. 672). As this is cooled by the water 
circulating in the jacket, it is eaten out only very slowly. The jacket itself 
does not come in contact with the hot litharge in the furnace, as it is protected 
from it by a 3-in. rim of filling. This wears out somewhat, but never or rarely 
so far as to bring the casting into direct contact with the hot litharge. 

By this arrangement only the front is protected. A device that protects 
the sides alone is shown in Fig. 673. Here ^ is a cast-iron test ring, resting on a 
bed-plate, b. It is surrounded by an iron hoop tied by an iron band. On top 
of the test ring are placed two i-in. pipes in which water circulates. The fill- 
ing, d, is rammed in the usual way. The lead, while the furnace is running, 
being always kept about at the same height, the litharge can show its bad 
effect only on the level of the water-pipes, and these counteract to a great 
extent the corrosive action. 

A combination of the two arrangements is shown in Fig. 647. Going one 
step further in water-cooling we come to the Steitz water-jacket test, as 
represented in Figs. 674 and 675. Here is a rectangular water-jacket made 
of boiler iron. The open space in front is closed by a cast-iron or bronze water- 
jacket having a litharge gutter, e; it is fastened with bolts to the wrought-iron 
jacket. The jackets are placed on a cast-iron test plate, c, which supports the 
filling, d. Both jackets are protected from the hot litharge forming on the 
surface of the lead in the furnace. The gutter, e, alone is attacked by the 
litharge, and is eaten out after some time; the breast jacket then has to be 
exchanged for another. This can be done quickly while the furnace is in opera- 
tion. The effect of jacketing is that the filling lasts longer than with the 
other test rings. The cast-iron front jacket, in addition to preserving the 
breast better than any of the other arrangements, has, as regards concentra- 
tion of lead bullion, another advantage in that the depth of the litharge gutter 
does not have to be regulated by the cupeller, but always remains the same. 
This renders it, however, unavailable for bringing very rich, say 70-per cent., 
bullion up to fine silver, as the uniform level of the gutter prolongs indefinitely 
the removal of the last lead contained in the silver. 

A rectangular steel jacket which has to expand and contract is likely to 
develop cracks or leaks at the corners. In more recent jackets corners are 
therefore avoided. A modern steel jacket, which fits into the open hearth- 
space of the furnace, has been shown in Figs. 657—660, and its bed-plate in 
Figs. 661-664. The jacket is supporteb by a Rhodes carriage (§281). The 
jacket is 8 ft. long, 6 ft. wide, and high; it is made of 

steel and has a water-space 3 in. wide served by a %-in. pipe. It consists 
of two parts joined at the back and connected at the front by a cast-iron 
wate-jacket. 
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281. Test-ring Supports. — The manner of bringing the tests into, position 
and fixing them there has undergone various changes. The old method con- 
sisted in driving four iron wedges between the bottom of the test ring and two 
transverse bars, the ends of which were inserted 4 in. below the test frame 
into the firebridge wall, d, and the flue wall, e (Fig. 641). It is not much used 
now. 

Sometimes wedges are still retained to adjust the large test frame represented 
in Figs. 674 and 675. This is placed on two 9-in. brick walls running along the 
firebridge and flue walls. It is then raised to the height of 12 in., and four 
pillars, each three bricks high, are placed beneath the bed-plate, which brings 
it up nearly to the compass ring. By then driving flat wedges between the 
bed-plate and the brick posts the test is adjusted to its final position. A more 
common way with small tests is to use jackscrews, which are satisfactory if 
the entire hearth is made accessible as in the modern cupelling furnace where 
the hearth walls rest on cast-iron supports. The screws, 18 in. long and 



Scale of Feet 


Figs. 676 to 678. — Test-carriage of Frazer & Chalmers. 


in. in diameter, work in two transverse bars placed 1 2 in. beneath the test ring. 
They are similar to scews, d, in Fig. 679. The test ring rests on a cast-iron plate 
into which the points of the four screws are set. Four screws are also found 
in connection with a test carriage, as shown in Figs. 676-678. Here the test 
is easily brought into position, and then raised by means of the screws and 
brought up close against the compass ring. 

With the three arrangements described, the test, when once placed, is im- 
movably fijced while the cupellation is proceeding. Further, when the furnace 
has become hot, the turning of the fo.ur screws sometimes presents difficulties, 
which have been largely overcome by more perfect air-cooling. 

Replacing the two front screws by a suspension or supporting device which 
can be raised or lowered has overcome the fixed character of the older tests. 

The Lynch^ test support is represented in Figs, 679 and 680. The test 
plate, e, shown bottom side up in Fig. 680, has at the back the two sockets for 
the points of the two back screws, d (Fig, 679). Two support bars, c, diverging 
27 in. when extending in front of the furnace, are clamped to the front half of 


^ Blake, Tr. A. J. M. E,, 1881-82, x, p. 220; XJ. S. Patent No. 275232, April 3, 1883. 



DESILVEBIZATION OF LEAD BULLION 


611 


the plate. When in place they are hooked with the turn-buckles, to a triangle 
made of %-in. iron, which is attached to a differential pulley, a, hung from the 
roof. With the pulley the test can be raised or lowered quickly and evenly 
to regulate the flow of litharge without altering the depth of the litharge gutter. 
The contents of the test (rich lead or silver) can also be poured. With the turn- 
bolts the test can be tilted sideways to counteract the action of the litharge, 
should this corrode one side of the hearth more than the other. 

The suspension support of the Pueblo cupelling furnace has been shown in 
Figs. 645-653. 

Another movable test support, which has been adopted by most refineries, 
is the one by F. B. F. Rhodes, represented in Figs. 665—667. The'^test is sup- 
ported by a carriage, 0, with its movable upper frame, aa' . This rests at the 



Fig. 679 


Figs. 679 and 680. — ■L3nidi test-support. 

back on two screws, e and e', working in the blocks, dj and, dh At the front, it 
is supported by the screw, g, working in the right arm, a, of the frame, which 
extends a short distance in front of the furnace, and is turned outward suffi- 
ciently for the wheel, h, to be to the right of the cupeller. By inserting a hook 
into one of its circular openings he turns the wheel to right or left, and thus 
raises or lowers the front of the frame, aa', and with it that of the test. Into 
the upper frame cross-beams, h F F', are let in, which serve as support for 
the concave bottom of the test. If this were straight, the surface of beam, a, 
would represent in section an unbroken line, two more beams hke c and c' 
being sufficient to give the frame the required stability- The wheels of 
the carriage are grooved and travel on two rails running across the space, c 
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(Fig. 640); thus all shifting of carriage to right or left,- when placed in correct 
position, is avoided. 

The support at the back by screws, e, has the disadvantage that when the 
frame has to be lowered there before the carriage is taken out, much difficulty 
is experienced in turning the screws. To avoid this, the two screws, e, have been 
replaced by two pivots which fit into circular openings of two blocks fastened 
to the beams as shown in Figs. 654-656. When the frame, resting at the 
back on these two pivots and supporting the test, has been wheeled into its 
correct position and is to be raised, this is done by lifting it a few inches with a 
crowbar or jackscrew and placing two U-shaped castings of the correct height, 
around the pivots. On withdrawing or lowering the crowbar, the frame sinks 
on the castings, which then support it. When the test is to be exchanged, 
the frame is again slightly raised, the two U-shaped castings are removed, 
and the frame is slowly lowered, when it will again be supported by the pivots. 
The test ring is then sufficiently low for the carriage to be withdrawn from 
under the compass ring. 

Another movable support with specially constructed test ring has been 
constructed by Roesing, ^ and is used at Tarnowitz, Silesia. 

Movable tests are in much favor when the test ring is not water-cooled, 
i.e., where the level of the lead is gradually lowered by cutting deeper the 
litharge gutter; with test rings that are entirely water jacketed they have not 
been used until lately. 

Whatever test support may be in use, care should always be taken to plaster 
over with clay the upper surface of the ring, so as to protect it against coming in 
direct contact with the flame, and at the same time to prevent the air from 
rushing in between compass ring and test ring. 

282. Hearth Material. — ^The requirements that the hearth material 
should fulfill have been given on page 596. The leading materials are the 
following: 

1. Bone-ash . — ^This material was used originally in the English cupelling 
furnace. It is still used in some English plants, but has been given up in most 
refineries on account of its cost and the fact that it is not well suited for large 
tests- The bone-ash is ground to pass a 26-mesh screen, moistened with water 
which may or not contain pearl ash amounting to per cent, of the pre- 
pared bone-ash. The moistened material is rammed into the test-frame and 
the cavity scooped out in the same manner as with the limestone-clay mixture 
detailed below. 

2. Limeston&-day. — mixture of 3 vol. of limestone and 1-2 vol. of clay, 
depending upon the binding power of the latter, is ground through a 12-mesh 
screen. 

In filling the test-ring, the mixture is moistened, as shown in §277, and then 
tamped into the ring. Some works beat down the mass in three separate layers ; 
others add the necessary material all at cmce and begin then with the tamping. 
If the cast-iron test ring (Figs. 668-670) is to be filled, a piece of wood having 
1 Berg, MaUenm. Z., 1S83, xlh, 577; Eatg. Min. y., 1884, xxxvn; 41. 
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the form of the loop, is put in place, and then the filling beaten down. When 
finished, the block is taken out, leaving open the slot for the discharge of the 
litharge. The wood is best withdrawn only when the test has somewhat dried, 
as then there is less danger of breaking off part of the filling. The tamping- 
irons are about 4 in. in diameter at the base. The test is filled entirely with the 
material, and the cavity then scooped out with a trowel. A very good way to 
insure a uniformly hard surface is to place a wooden frame on top of the test 
ring, and then partly fill it with the hearth material. When the frame has been 
removed, the excess of material is scraped off down to the test ring, and the 
cavity then scooped out, A rim from 3 to 4 in. wide at back and sides, some- 
times 6 and even 10 in. at the front, is left untouched. The cavity has its 
lowest point near the front to facilitate the dipping out of concentrated bullion 
or fine silver. The filling material should be at least 4 in. thick at the lowest 
point, and the depth of the cavity about 5 in. Thus an oval test 4 ft. 6 in. long, 
2 ft. I in. wide, and 5 in. deep, holds about 2,500 lb. of lead- 

3. Portland Cement , — The cement best suited is one that is slow-setting. 
At some works a mixture of cement and ground brick is used in order to give 
the lining more elasticity. The gain in mechanical strength is made at the 
expense of resistance to corrosion, as the Si02 of the brick renders the mixture 
less basic. 

In filling the test with cement, or with a mixture of cement and ground brick, 
this is moistened and tamped down in the usual way, the cavity, however, being 
formed during the tamping. A quicker and better method is to place the test 
bottom upward over a mold having the form of the cavity, and then to beat 
down the moistened cement. In using cement, it is essential that the work 
to be done quickly, as it must be finished before the cement shows any signs 
of setting. 

At other works the mixture used for the bottom is i vol. cement, 2 sand, and 
2 broken, chilled, glassy, blast furnace slag (pieces in. thick, in. square). 
The base-plate being concave, the bottom is ii in. thick along the center 
line from back to front. The sides, 12 in. thick, are made up of a mixture of 10 
barrows 6-mesh limestone and 2^-^ sacks of cement; the breast material is the 
usual limestone-clay mixture. The test, 8 by 10 ft- and 17 in. deep, holds 3 
tons of lead. 

At a third plant the bottom is rammed with a mixture 1 2 vol. crushed lime- 
stone, 6 fire-clay, and 4 cement; on top of this comes a layer of brick composed 
of compressed bottom-mixture followed by a layer of magnesite brick; the 
sides are rammed with bottom-mixture. The life of the lining is from 60 to 70 
days provided it is patched. 

At a fourth plant the bottom is fined with fire-brick laid dry and grouted 
thoroughly with fire-clay. The sides are of cement rammed aroxmd a cast- 
iron frame as shown in Figs. 665 and 666. 

4. Magnesite Brick . — ^At one plant, bottom and sides are of magnesite brick. 
This material resists corrosion better than any of th^ mixtures given. It is, 
however, expensive and necessitates a test made of a single casting, Figs. 665 
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and 666, as it is difficult to lay the bricks so closely that no lead will pass out 
of the hearth through the joints. 

When a test is filled, it has to stand for a fortnight and longer in a warm 
place (usually the cupelling-room) to dry. This is essential, as the filling is 
likely to crack if used too soon after it has been put in. Before it is to be used in 
a cold furnace, a small charcoal fire is made on it. In a warm furnace the fire is 
kept low for 3 or 4 hr. after the test is in place. 

283. The Blast. — The blast was originally produced by a steam jet. This 
has given way entirely to a blower. The machines in common use are the Baker 
and Root blowers, and the Sturtevant fan; blower and engine are usually sup- 
ported on the same bed-plate. The pressure of the blast is about 4 oz. per sq. 
in. The blast-pipe is of sheet-iron and about 3 in. in diameter. It is frequently 
fitted into a cast-iron nozzle, sometimes water-cooled, which delivers the air 
through an aperture 4 in. long and M in. wide. This is better than simply 
flattening the end of the sheet-iron pipe- 

284. The Tools. — The tools required by the cupeller are few: two rods (7 ft. 
long, of H“in. iron), bent to a hook; one chisel-pointed bar (7 ft. long, of ^-in. 
iron); one saw (9 in. long, 3^^ in. wide, 2 in. deep), attached to a handle (6 ft. 
long, of ^^-in. iron), to cut down the breast; one fire-hook (10 ft. long, of i-in. 
iron, with a 4- by lo-in. head); one scoop; one ladle; 10 bullion molds or silver 
molds, and three or more litharge buggies having small kettles (13 in. in diam- 
eter and 8 in. deep) to hold the litharge. 

285. Mode of Operating. — UTien the test is in place and well warmed, the 
temperature of the furnace is gradually brought to a dark-red, and some lead 
introduced through the front and melted down. When this has become a 
cherry-red, the blast is put on, and cupellation started. No distinction is made 
between dross, skimmings, and litharge, as in the German cupellation. The 
litharge is made to rrm off at the front, and fresh lead is supplied from the back, 
where one or two small bars protruding through openings into the furnace are 
melted down at such a rate as to keep the lead in the test always on the same 
level. The litharge is collected in a cast-iron pot running on wheels. With the 
large’ furnaces in common use today an ordinary slag-pot with a loose central 
partition wall has replaced the small litharge-pots. The object of the partition 
is to facilitate the breaking of the cone of litharge. The litharge-pot was at one 
time replaced by a water-box. This has two advantages. It reduces the tem- 
perature for the cupeller and presents the litharge in a granulated form, which 
is easily handled and sampled. It has, however, the disadvantage that a 
cupel-carriage cannot be used, and that in the blast furnace there is more loss 
in lead and silver when granular litharge is charged than if it is in lump form. 
Granulating has been abandoned. 

With a stationary iron test ring, the litharge is run off through a gutter cut 
into the lining. It is not often that one gutter alone serves for the passage 
of the litharge; generally there are three and often four, opened one after the 
other to prevent excessive corrosion- A movable test gives an additional mode 
of regulating the* flow of litharge by lowering and raising the front. With the 
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Steitz water-jacket test the flow of the litharge is regulated only by the 
quantity of the lead that is melted off from the bars at the back of the furnace. 
The gutter can be closed for a short time by allowing litharge to accumulate 
there, or with a piece of clay. 

The flow of the litharge is so regulated that about one-half the surface of the 
lead remains covered. The former practice of cupelling and fining in the same 
furnace has been abandoned at all large works. At present it is common to 
concentrate the bullion to 6o or 70 per cent, of Ag on one test and to fine it in a 
separate furnace. For this concentrating work, the water-jacket test is excel- 
lent, as it can be run by an inexperienced man, whereas judgment and practice 
are necessary with a test where the litharge gutter has to be regulated by the 
cupeller. By thus dividing the cupelling into the two operations of concentrat- 
ing and finishing, a smaller number of experienced and reliable cupellers is 
necessary. When the bullion is concentrated to the desired degree, it is ladled 
or poured out and goes to the fim'shing furnace, and the concentration furnace 
is again filled. Thus a concentrating furnace runs constantly. After a certain 
time the bottom becomes too thin and has to be exchanged. A test ring filled 
with limestone clay, if used 4 or 5 hr. daily for finishing, lasts only 30 days; a 
cement-test used for the same purpose lasts months. A water-jacket test filled 
with limestone clay, used for concentrating, lasts about 60 days. A test ring 
filled with cement and used for concentrating and refining lasts 7 days. 

The finishing is always done on a test having an iron test ring. The opera- 
tion is the same as in concentrating, but usually not continuous. Toward the 
end, when the silver-lead alloy becomes less readily fusible, the temperature has 
to be considerably raised. When the silver has become sufiSciently concentrated, 
the addition of rich bullion is stopped. The last litharges are drawn off and 
the test remains almost filled with crude silver, which has now to be fined. It is 
not often that the brightening is seen. Samples taken from the metal bath show 
how far the cupellation has progressed. The fining consists usually in exposing 
the silver for some time to the action of the heat and the blast. Bone-ash is 
sometimes given in small quantities to absorb the impurities that float on the 
surface or have collected on the edge. At some works nitrate of soda is used 
- in the furnace to make the silver at least 997 fine, as this has become the standard 
below which fine silver should not go. The niter is spread on the silver, a shovel- 
ful (about 12 lb.) at a time. To prevent the soda from corroding the filling of 
the test ring, some refiners spread finely ground brick over the niter. The 
slag, floating on the silver, is removed only when the silver is fine and ready to 
be cast into molds. About 15 shovelfuls of niter are required for 50,000 oz. 
of silver. 

In this connection the behavior of tellurium is of interest. Whitehead^ and 
Ulke^ state that in the second refining of dore silver (obtained in working jdie 
anode mud from an electrolytic copper refining plant) with niter, the resulting 
slag contained as much as 20 per cent. Te in the form of tellurite-<e 3 r?r 6 

1 7. Am. Chem. Soc., i8g5,j}cvii, 849. 

® Eng. Min. 7., 1896, i:5£n:, 512. 
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It is very diflicult to remove all the tellurium from the silver, owing probably 
to the presence of Cu. Niter alone does not appear to meet the need; refiners 
are often forced to blow air through the silver for hours at a time to get rid of 
all the Te. 

A more simple procedure, which is effective and in common use in European 
plants as well as in some works in the United States, is to add some fresh lead 
to the dore silver, when this is about 990 thousandths fine. A charge of 60,000 
oz. dore silver requires about 1000 lb. of lead, which is added in three or four 
portions. The litharge formed oxidizes the Cu, and with it the Te and Bi 
which adhere so strongly to the silver. 

Though it is difficult to remove Te, the metal Se is readily oxidized and 
volatilized, and is found in the flue-dust. The dust often forms the raw 
material for the production of selenium.^ 

As regards copper, the investigations of Mathewson and Stokesbury^ are 
of interest. They find that CuaO is readily soluble in Ag when molten, and 
practically insoluble when solid. The freezing-point curve shows a eutectic 
point at 94.5“ C. ; the eutectic is composed of Ag 98.7 and CU2O 1.3 per cent. A 
comparison of calculated values with those obtained by experiments indicates 
that dissolved CuaO is either dissociated or reacts upon Ag as shown by CU2O 
-f 2Ag?=±2Cu-}-Ag20. A Ag-Cu alloy with little Cu, melted and allowed to 
solidify in air, shows that the Cu occurs as CU2O between grains of Ag; hence, the 
Cu in all cupelled silver must be present as CU2O and not as Cu as has been 
supposed. 

The indications of fine silver are: that the surface is smooth and clean; that 
stirring fails to bring impurities to the surface; that a tool held over the silver 
is clearly reflected in it; that a sample taken by inserting a rod will show no 
spots whatever on the surface, and have a pure, silver- white color; and that a 
sample taken with a spoon will spurt while cooling, although this is not a good 
test. Some refiners cast a small sample-bar, examine the surface, which should 
be smooth, and the fracture, which should be finely granular and show a silky 
luster; test for malleability by hammering, etc. The only way to know definitely 
how the fining is progressing is to make an assay. This is done in the dry way, 
by weighing out twice 3^ gram of a granulated sample and 3^-^ gram of c. p. silver* 
as a check, and cupelling the three samples with the same amount of lead pn 
three cupels placed in a row in the muflfie. A second assay half an hour later 
will show whether any progress has been made. An assay in the wet way, with 
potassium-sulphocyanide, using ferric sulphate as an indicator, will give the 
same result more quickly than cupelling. 

An analysis® of government silver (assay silver) showed: Ag 99.929, Cu 
0.056, Pb 0.003, Au 0.007, As o.ooi, 45 b 0.002, Fe o.oOi, Zn trace, Te 0.001 per 
cent. 

When the silver is fine, that is, when it ranges between 997 and 999)^^, it 

^ See Hofman, * ^.pper,” 1918, 518. 

® Internal. Zt. Metallogr., 1914, v, 193. 

^ Brass World, 1906, n, 389. 
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is either ladled out into warmed molds, or, if the Lynch test-support is used, it 
can be poured. Sometimes this is done into water, to be remelted at a lower 
temperature in a plumbago crucible, a new retort (heated in a tilting furnace), 
or a separate cupelling furnace. If in the last, the granulated silver is covered 
with charcoal. If the silver is to be poured or ladled from the test in which 
it has been refined, it is advisable, if smooth bars are to be obtained, to cover 
it about 20 minutes before pouring with charcoal. While filling the molds, 
which have been warmed and smoked, a small stick is held in contact with 
the surface of the silver to collect floating slag or impurities. When a mold is 
filled, a small piece of paraffine is thrown on the metal and the lid quickly 
put on. 

The sample of the fine silver is best taken from the mold. When this has 
been filled, a long-handled iron spoon is inserted, the silver stirred with it, and 
the sample taken out and poured on a wet board resting in an inclined position 
on the rim of a basin filled with water (Eurich). The granules collecting in 
the basin are very small and make weighing of a definite quantity for the assay 
a quick and easy operation. Taking chips from different parts of the bar is 
unsatisfactory, as the impurities are as a rule not evenly distributed. 

286. Intermediary Products. — ^The intermediary products of the cupel- 
lation process are litharge, cupel-bottom, and flue-dust. Litharge coming from 
retort bullion runs, when it is pure, from 50 to 60 oz. Ag per ton; when it is 
impure, e.g., when drosses of the retort bullion are being scorified, often from 
150 to 200 oz. The cupel bottom varies too much in Pb and Ag to give any 
average figure. Samples of fume and dust from cupelling rich retort bullion 
gave the values shown in Table 150. 


Table 150. — Assays of Dust and Fume from: Cupelling 



Pb per cent. 

Ag, oz. 
per ton 

Au, oz. 
per ton 

Authority 

Dust 

21.6 

20.0 

0 . 16 

F. B. F. Rhodes 

Dust 

! 27.6 

106.6 

0.40 

M. W. lies 

Gray fume 

41.8 

134-3 

0.32 

M. W. lies 

Red fume on cupel door 

59-0 

1646.0 


M. W. lies 


These products almost always go to the ore blast furnace; litharge is some- 
times used, as already stated, to hasten the softening of lead bullion that is 
especially hard. 

287. Results. — In the test 4 ft. 6 in. by 3 ft. 6 in., Fig. 643, 7000 lb. of retott 
bullion are cupelled by three men in 24 hours, using from to 2 tons of pbal, 
according to the quality of the fuel. On a larger test, 7 ft. by 4 ft. 10 |iC. and 
4 in. deep, holding from 1500 to 2000 lb. retort bullion, 6 tons are^ypelled in 
24 hours with tons of coal. In a similar test, 7 ft. by 5. |t|?^ m., 6^ tdns 
2000-02. retort bullion are cupelled in 24 hours, 39 gaL of reduced oil, atomized 
by air, being' consumed for every 1090 c^. salver produced- In the test 6 by 8 ft.,. 
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shown in Figs. 657-660, which holds 5 tons lead bullion, there are cupelled 
in 24 hr. from 5 to 6 tons with an oil consumption of 280 gal. 

It is advisable to have 8-hr. shifts for cupellers, to prevent their becoming 
leaded. 

The concentrating of 1000 lb. of 70-per cent, bullion on a 33- by 28-in. test, 
5 in. deep, and refining of the resulting silver (say 12,000 oz. silver), lasts about 
5 hr., requires one man, and about 1500 lb. of nut coal. When the 
finishing-furnace is stopped for a day or two, the fire on the grate is kept going 
in order that the temperature of the test may not sink below a dull-red; 
charcoal is often kept aglow on the test, as it makes it again porous when it is 
much soaked with litharge. 

288. Loss. — The loss of Pb in cupelling is generally given as being 5 per cent. ; 
that of Ag is under i per cent., presupposing that the uncorrected assay to 
be the basis of calculation; the loss in Au is nil. Rose^ found that Au began to 
become volatile just below 1100° C., that the loss amounted to 0.02 percent, 
at 1200°, and that standard copper-gold was more volatile than pure Au. 
Mostowitsch andPletneff,^ on the other hand, found that no Au was volatilized 
at these temperatures. 

289. Comparison of German and English Cupellation. — A comparison of 
the two methods of cupelling leads to the conclusion that the German method is 
by far the more expensive for purposes for which cupelling is generally used 
today. Although it forms Htharge more rapidly, because the hearth is larger, 
it produces only a comparatively small amount of silver as the product of one 
operation. To remove the silver, the furnace has to be cooled, and the hearth 
torn out and replaced by a new one. This takes time, thus neutralizing the 
advantage of the quick formation of litharge, and costs much labor, fuel, and 
material, including a large amount of hearth material, which has to be smelted 
in the blast furnace for every cupellation. In the English cupelling furnace, 
especially with its American modifications, a cupel bottom lasts for weeks; 
the process is therefore less interrupted, and thus much expense for labor, fuel, 
and material saved, but it has the drawback that the litharge is always more apt 
to be rich and impure. 

A German cupelling furnace might be in place when the resulting litharge 
is to be sold as such, and is therefore required to be pure, and poor in Ag, but 
modern American cupelling furnaces are often as large as the older German, 
hence this consideration has lost its former importance. The English furnace 
with American improvements is decidedly preferable, if the bullion to be 
cupelled is so rich that the r^ulting litharge, in any case, would run too high in 

; to be sold as such. In this case, and it is the common one to-day, it is not 
of much consequence whether the litharge be a little poorer or richer in Ag, or 
if it be somewhat contaminated with impurities, as long as the advantages more 
than make up for such deficiencies. 

C&em. S(K,y 1893, txm, 714. 

* Ckem, Eng.j xgi'j, xvi,. 153. 
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BETTS PROCESS 

290. Betts Process, General.^* — ^Tids process is the only electrolytic process 
of refining lead bullion which has been successful. It is in operation at Trail, 
B. C.; East Chicago, Ind.; Omaha, Neb., and New Castle-on-Tyne, England. 
Other processes have either been failures, or have not gone beyond the labora- 
tory stage.'j 

The process is worked according to the multiple system common in the 
electrolytic refining of copper. ^ Cast anodes of lead bullion and lead cathodes 
(of electrolytic lead), cast in sheet form, connected in multiple, are suspended 
from copper bars across an oblong vat, which is charged with an electrolyte 
containing lead fluosilicate (PbSiFe) and free hydrofluosilic acid (H2SiF6). 
The current enters the anodes, passes through the electrolyte to the cathodes, 
dissolves the. lead from the anodes, and deposits it on the cathodes. The im- 
purities, which nearly all adhere to the undecomposed anodes, form the anode 
mud or slime. The cathode lead with the starting sheet is melted and cast into 
bars; the anode mud, recovered from the non-corroded anode and collected 
from the bottom of the tank, is refined to recover precious metals, Sb, As, Bi, 
Cu, and possibly Se; the Te, for which there is no market at present, goes to 
waste. 

In the process the PbSiFe dissolved in water acidulated with H2SiF6, is in 
part dissociated into Pb* ' and SiFe" ions. In the electrolysis SiFe^' ions travel 
to the anode, give up their charges to the anode, and combine with an equivalent 
amount of Pb. In the same manner the Pb* ' ions migrate toward the cathode, 
give up their charges to the cathode, and are deposited as metallic lead. In re- 
ality the process is not as simple as outlined; there occur side-reactions causing a 
deposition of Si02 on the anode, which still lacks a satisfactory explanation. 

Electrolysis causes Pb, Sn, Zn, Fe, Ni, and Co to go into solution, while Cu, 

^ Betts, A. G., “Lead Refining by Electrolysis,” Wiley, New York, 1908, General. 

Betts, U. S, Patents, Nos. 713277 and 713278, Oct, 9, 1902. 

Ulke, Eng. Min. J., 1902, txxiv, 475. 

Betts, Tr. A. I. M. E., 1904, xxxiv, 175. 

Senn, Zf. Electrochem.^ i90S> xr, 229; Min. Mag., 1905, xn, yr; Electrochem. Metal. I fid., 
1905, in, 272. 

Whitebead, Mines and Minerals, 1905, xxv, 285. 

. Betts, Electrochem. Met. Ind.., 1905, in, 441. 

Wolf, West. Chem. Met., 1907, m, 83. 

Mardus, G., “Doctorate Thesis,” Berlin, 1908, using HBF4. 

Betts, XJ, S, Patents, Nos. 891395 and 891396, June 23, 1908; 918647, April 20, 1909, 
Treatment of Slime. 

Betts, Metallurgie, 1909, vi, 233. ^ , 

McNab, U. S. Patent, No. 905753, Dec. i, 1908, Recovery of Sb^om slime. 

Foerster-Schabe, Zt. Electrochem., 1910, xvr, 279, Treatment uf Bi-Ag. 

Kern, Met. Chem. Eng., 1911, rX, 417, Anode Mud. 

MiUer, Min. Eng. World, 1913, xxix, 57. 

' Thum, D. S. Patent No. 1098854, June 2, 1914, Trbatmeht of Cu-bearin^ BL 

Smith, U. S. Patent No. 1166721, Jan. 4, 1916, Re finin g of BL 

Ruff-Braun, JBer. deutsch. chem. Gesdlseh., 1914, ccxivn** 646, Prepkcation of HF- 

2 See EEofhaail, “Copier,” 1918, 491. 
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Sb, As, Bi, Cd, Ag, Au, Se and Te remain with the anode. Of the metals that 
are dissolved, Sn stands so near Pb in the electrolytic series that it is deposited 
with the Pb. According to Betts, ^ the small amount of 0.2 per cent. Sn in 
the anodes of Trail, B. C., went over to the cathodes; hence Sn-bear- 
ing lead bullion has to be softened (§241) before it is cast into anodes. 
The other metals, Zn, Fe, Ni, and Co stand well above Pb in the series and are 
therefore not precipitated from the solution with Pb. Of the metals which re- 
main insoluble, small amounts of Sb are likely to be carried over mechanically to 
the cathode especially with a current of high density (17 to 18 amp. per sq. ft.) 
and a warm electrolyte (37 to 38° C.),^ so that the cathode lead may have to be 
refined for a short time, e.g., poling with air in a kettle (§252), in order to remove 
them; any Sn present would be expelled from the Pb before Sb. 

291. Electrolyte. — ^The electrolyte contains from 7 to 10 per cent. Pb and 
from 8 to 12 per cent, total fluosihc acid (H2SiF6); the free H2SiF6 varies from 3 
to 5 per cent. A convenient factor to approximate the H2SiF6 in combination 
with Pb is to multiply Pb by 0.7. Curves showing the electric conductivities 
of PbSiFe and H2SiF6 have been given in Figs. 30 and 31. To the electrolyte 
gelatine is added as a hot strong solution of glue to the amount of o.i per cent, in 
order to obtain a solid deposit.^ The daily addition in practice is about 0.013 
per cent, of the weight of the electrolyte. The electrolyte is made at the works 
by allowing HF to act upon Si02 to form H2SiF e, and this to combine with Pb 
or PbO or white lead (a'Pb(0H)24-yPbC03) to produce PbSiFe. The hydro- 
fluoric acid is either the commercial product with 33 per cent. HF, or, it is made 
at the plant by allowing H2SO4 to act upon fluorspar (CaF2) . The reaction taking 
place is expressed by CaF2+H2S04=2HF-l-CaS04. According to Ruff and 
Braun^ the process taking place is not as simple as is generally held. He found 
that the best yield, 81 per cent, of the theoretical, was obtained by using 90 
per cent, of the amount of the H2SO4 (sp. gr. 1.824) called for theoretically and 
heating for 3 hr. to 200° C. A horizontal cast-irop cylinder 10 by 4 ft. fired 
from the bottom is charged with CaF2 and H2SO4. As the reaction de- 
velops much heat, the fire has to be well regulated. The hberated HF is col- 
lected in two leaden WoK flasks connected in series. In the first flask is found 
some H2SiF6 which comes from the Si02 of the CaF2; in the second, which is 
water-cooled, the HF is condensed. 

The HF is made to ascend in a small lead tower filled with pure sand (Si02, 
99.5 per cent.) at such a rate that it dissolves the Si02; the overflowing H2SiF6 
is ccmdncted into an oblong box filled with granulated lead where there is formed 
PhSiF®; fhe solution* is circulated by means of a submerged centrifugal pump 

* Treati^ page 47. , . 

* told that the transfex of Sb to the cathode is not wholly mechanical. 

*^hn, Zt. 3a, 229; Min. jlfog., 1905, xn, 71; EltcVrochem. Met. Ind., 

1905:* m, 272. 

■ Matheirs and Overman, Trans. Am. W^d^ochem. Soc., 1913, xxm \^3; Met. Chem. Eng., 
191$, xm, 353. 

'l§e0mh. etmrK Gestdhck*^ 1914^ oc, xLvn®, 6467^ 
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made of copper and provided with a bronze shaft. The electrolyte is a color 
less liquid which sometimes acquires a greenish tinge from Fe and perhaps Ni; 
exposed to air it becomes brownish yellow, which is attributed by Betts^ 
to the glue present. In working, the composition of the electrolyte is 
changed by becoming richer in lead and poorer in acid. The normal acidity 
is maintained by additions of fresh acid. Should the electrolyte become im- 
poverished in lead, it is run over the granulated lead, as is ordinarily the H2SiF6. 
The temperature of the bath is maintained at 35 to 36° C. Temperature varia- 
tions within considerable limits have no effect upon the character of the deposit, 
but, of course, affect the conductivity of the electrolyte. They also influence 
the asphalt coating of the tank, which is likely to crack if the temperature is 
too low and to blister and flow if it is too high. The head- tank contains copper 
coils through which steam is passed in winter, and cooling water in summer. 

The circulation of the electrolyte in the tanks, arranged in double cascades, 
is at the rate of 3 to 4 gal. per min. with impure, and rises to 7 gal., with pure 
anodes. The centrifugal pumps which raise the electrolyte from the sump to 
the head are of copper and have bronze shafts. The loss in electrolyte is from 
5^ to 10 Ib.HaSiFe per ton of normal lead bullion. It is caused in part by dissocia- 
tion of the acid, which increases with the impurities present in the anode. 

292. Current. The current density varies with the purity of the anode. 
Betts^ worked with 4 amp. per sq. ft. in electrolyzing an anode con- 
taining Pb 66, Bi 7, Sb 19, As 5, Ag 2, Cu i per cent. Refineries aim to have 
anodes with about 98 per cent, Pb; with such material the current density varies 
from 16 to 18 amp. per sq. ft. anode area. The fall in potential from anode to 
cathode with an electrode distance of about 1% in. is from 0.35 to 0.5 5 volt, and 
varies with the current density. 

The electrochemical equivalent of lead® is 103.43; the amount of lead trans- 
. ported per amp.-hr. is 3.857 gr.'^ The current efficiency in a plant is about 
90 per cent. Calculations regarding the process have been carried out by 
Richards.® 

293. Anode. The lead bullion usually does not contain less than gS per 
cent. Pb, of the remaining 2 per cent., Sb accounts for i to 1.25 per cent. Lead 
bullion containing more than 2 to 2,25 per cent, foreign metals causes complica- 
tions in electrolysis. The anodes have shoulders which rest on the busbars of 
the tanks. A stationary cast-iron mold for anodes with shoulders is shown 
in Figs..68i-~683. The anode has beveledsides and bottom; it is 20 and 2 in. 
wide, 23% and 24^ in. long, its thickness is iH m., its weight 350 lb. The 
mold has at the upper end a closely-fitting removable block, to permit the inser- 
tion of a two-prong pry-bar. Fig. 683a, for loosening the anode. An anode, 24 

^ Treatise, page 43. 

® Treatise, page 56. 

* Betts-Kern, Tr. Elecirochem. Soc., 1904, iv, 67. 

* Clarke, Journ. Chem. Soc., 1906, xxvni, 307, 

« Richards, J. Ty.; “Metallurgical Calculations,” McGr^tw-Hill Book Co., New York, tor 8, 
^ 2 - 
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by 36 in. and in. thick, weighs 375 lb. The anodes are somewhat thinner 
in comparison with those used in copper refining, as during electrolysis the 
large amount of impurity present adheres to the anode and increases the 
resistance to the current. If the coating becomes too thick, it falls to the 
bottom and is likely to cause short circuiting; further, constituents of the mud 
are likely to go into solution or to be held mechanically in suspension, and to be 
deposited on the cathode. 



ELEVATION 
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SECTION E-F 
Fig. 682 

Figs. 6S1 to 683. — Stationary anode mold. 


Anodes are cast in open molds. The upright Truswell closed mold,^ used 
at first at Trail, was unsatisfactory, as the tops frequently were porous. The 
lead is cast from the kettle in which the blast furnace product has been freed 
from dross. It is done by means of a siphon or a pump delivering into molds 
placed either on a stationary frame in a three-quarters circle or on a rotating 
table. A stationary mold has been shown in Figs. 681 --683, The Miller cast- 
ing plant with rotating table, in use at Trail, B. C., is showui in Figs. 684-685 

1906, ixsd, 853- 
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The leading parts are an oil-fired kettle with Miller centrifugal pump, a rotat- 
ing table, driven by a motor through gearing and worm-wheel, which carries 
tilting anode molds, and a latch-tripper to invert the molds, and dump the anodes. 
The lead bullion from the blast furnaces is poured into two kettles, where it 
cools; it is drossed and pumped into the storage kettle of the machine. The 
kettle is 8 ft. pH in. in diameter and 4 ft. deep. In the center is the submerged 
centrifugal pump which delivers the lead through the inclined pipe into a 
horizontal branch provided with a riser and pipe-handle at the ends, 
and a tilting dehvery-pipe in the center. The lead raised 
by the pump flows under a given head through the de- 
livery pipe into the mold, if in the position shown in the 
figure. As soon as the mold is filled, the delivery-pipe is 
turned up, and the lead flows back into the kettle. In 
order to secure anodes of uniform thickness, a small 4-leg 
iron table with incandescent lamp (not shown) is placed 
on the empty mold. When the lead has risen in the mold 
to the required depth, it comes in contact with the poles 
of the lamp, closes the electric circuit, and causes the cur- 
rent to pass through* the lamp which suddenly brightens. 

In passing from the feed to discharge-end, the lead in the 
molds is sprayed and solidifies. The anode is dumped. 

The mold is split under the shoulders and the lower part 
pivoted. Thus, in tilting the lower part of the mold, the 
shoulders of the anode are released from the mold; the 
anode is not bent hy this procedure. The dumped anodes 
are taken from the dumper stand by means of a travehng 
compressed-air lift and deposited on to a transfer-car. 

The machine makes 0.151-0.187 r.p.m., casts per hr. 

255-420 bars weighing 98-112 lb., and requires 3-4 h.p. 

294. Cathode. — This is about | in. larger all round 
than the anode. At first, the lead cathodes were plated 
sheet iron; later electro-deposited sheets of lead were used; 
at present they are cast with the apparatus devised by J. F. 

Miller, Trail, B, C., and shown in Figs- 686-688. A sloping cast-iron table, 
carried by an adjustable steel frame, has pivoted at the upper end a trough. 
The trough is filled from a kettle with cathode lead by means of a ladle, and 
tilted on to the table, whereupon the lead flows dbwn the table; most of it 
solidifies in a thin, even plate, and the rest runs off the bottom or is caught in 
the gutters placed on the sides. The sheets are taken off from the table, piled, 
and later wrapped by hand around the cross-bars. Three men wifi, cast 
1 1 00-1400 sheets in 6 hr. 

An improvement on the original machine is represented in Figs. 689-690. 
It consists in casting fastening lugs at the same time that the plate is being 
cast, and is accdinpMshed by providing the lower part of the inclined table 
with two tongTifl^ flowing down will form three strips which when 



. Pry-Bax 
Fig. 683 a. — Two- 
prong pry-bar. 
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bent over a stick and welded each at two points by an arc burner, will furnish 
three loops through which is slipped the copper cross-bar. The sheets when 
removed from the table are flattened with wooden mallets. 

Instead of having two projecting tongues on the plate, the spaces occupied 
by them have been cut out, the table, 4 ft. 4 in. by 2 ft. 2 in., furnishing sheets 
4 ft. I in. long, has two slots, 2 ^ by 6K bi. which begin 5 in. from the lower 
edge of the table. The lead flowing down the table forms three strips 11^ in. 
long, as it does not cover the part of the table just below the slots. 



SECTIONAL ELEVATION 
FIG.68S 

Figs. 684 and 685, — Miller anode-casting machine. 


2g5. Electrode Distance. — This is 1^-23^ in.; in the plants named it 
ranges from 23d! 0 to 2^4 bi., center to center, and is about in. face to face. 
In afl refining work, a distance that is small decreases resistance and increases 
kw. output, but tends to cause bridging of space and thereby short-circuiting 
With tx»se<|tten in ampere efficieocyj one that is large# increases the re- 
'stance, decreases kw. output, but generally gives a better ampere efficiency# 
lie ffistance has to hp deteannined for prevailing conditions. 
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296. Depositing Vat. — The vats used for a number of years had the same 
form as those common with copper, that is, rectangular tanks with flat bottoms j 
they were and are coated with asphalt to a thickness of 3^4 in., a heavier layer 
having a tendency to crack. At present petroleum residue asphalt is replacing 
the older natural asphalt, as it has been found not to crack when too cool, 
nor to blister when too warm. 

The early tanks at Trail, B. C., arranged in cascades, were 7^4 ft. long, 2 ft. 
6 in. wide and 3 ft. 6 in. deep, inside measure; they were made of 2-in. fir 



Figs. 686 to 688. — Miller cathode-casting machine. 

planks, bolted together, nailed with copper nails, and braced, ends and sides, 
with 3- by |-in. iron bands; the wood was protected by P and B paint; the 
circulation was obtained through iM-in. hard rubber .pipes. The first 28 tanks 
were arranged in 2 rows of 14 each, the tanks being placed in pairs as shown in 
Fig. 691, the current entering and leaving through copper btisbars 4 to 
The additional 44 tanks were arranged side by side, as shown in Fig. 692, 22 in a 
row, each tank being connected with the next one ahead by a sheet of copper 
8XM2 current entered and left through busbars 4XM 

electrol3rte was made to pass through 2 tanks instead of through 14 as in the 
first taiiks. * The advantage of this mode of circulation over the first is ^own 

^ Whit^ead, Mines &• Minerc^, 1905 xxv, 285. 
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in Table 151 whicb. brings out the tendency of the electrolyte to form a heavy 
layer on the bottom of a tank if the travel is not sufficiently swift or its path Is 
not properly governed. 


Table 151. — Circulation oe Electrolyte 
Flow Through 14 Tanks 



Beaume j 

Specific 

gravity 

Lead 
per cent. 

1 Total acid 
i per cent, 

1 

Top i 

20 

1.167 

4-03 

12.52 

Middle ‘ 

21 

r.171 

4.23 

12.60 

Bottom 

23 

1. 19 

5-24 

13-13 


Flow Through 2 Tanks 



Beaume 

Specific 

gravity 

Lead 

per cent. | 

Total acid 
per cent. 

Top 1 

23 

1.19 

1 

1 4-8 

13.69 

Bottom 

24 

1 .2 

4-95 

13.71 



Fig. 692. — Electrolyzing vats, side by side, Trail, B. C., 1906. 

The new tanks at Trail are built of cement concrete which receives a coat 
of P and B paint; the latter is protected from any action of the electrolyte by a 
layer of asphalt in. thick. The leading features of the plant are shown in 
Pig. 693, and those of the vats in Figs. 694-696. The plant has 408 cells, pro- 
duces daily 100 tons refined lead, and receives a current of 3000-3500 amp. at go 
volts. The cement vats are arranged in cascades with a drop of 3 in. between 
tanks. The electrolyte is circulated through i-in. hard rubber pipes with a 
flow of from 4 to 6 gal. per min. The pipes delivering and withdrawing the 
solution of a tank are placed diagonally at the ends so as to coimteract layering; 
the withdrawing-pipes extend to 6 in. from the bottom. Centrifugal pumps of 
copper raise the electrolyte to the head tank. 

A tank, 7 ft. 43^ in. by 2 ft. 63 ^ in. and 3 ft. 8 in. deep, holds 20 anodes and 
21 cathodes, which leave a bottom-space 20 in. deep; the electrode distance is 
2}-f 0 The anodes, 3 by 2 ft. and 3 ^^ in. thick, weigh 375 lb., and assay Pb 

98 per cent, and Sb 0.3—1 per cent.; the cathodes, 3 ft. 3 ^ in. by 2 ft- i in. and 
% in. thick, weighing 150 lb., are wrapped around copper cross-bars, 34Xi in., 
flattened at the ends; the busbars, 3X2 in., are not in contact with the con- 
crete walls, but rest on 3^-in. wooden insulators coated with paraffine paint. 
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The current density is 14-16 amp. per sq. ft. cathode area, the drop in potential 
per vat is 0.3 volt. 

Electrodes are handled by an electric crane, a tank-load at a time; anodes 
are exchanged every 5 days and give 20-22 per cent, scrap, cathodes every 4-5 
days. The electrolyte contains 4-5 per cent. Pb and lo-ii per cent. H2SiF6, 
and has a temperature of 25—30° C. 

The refinery of the U. S. Metals Refining Co., at East Chicago, Ind., has 
208 vats, arranged in 52 units of 4 cells; it works with a current of from 5400 
to 5800 amp. at 100 to 115 volts, and produces in 24 hours 100 tons refined 
lead. The Walker system of arrangement of tanks in units of four, shown in 



Figs. 697-699, is in operation for the 44 units originally installed. The new 
round-bottom tanks, which are replacing the older flat-bottom forms are also 
of wood, but of the Thum pattern.^ Their characteristics are, that they do not 
carry the electrodes, which are suspended independently, and, being relieved 
from pressure, can have rounded bottoms of stave construction held together 
with rod-hoops. The tanks, 2 ft. 6 in. by ii ft. 6 in. and 4 ft. deep, are 
of 2-234~ni- pine (the older flat bottom tanks have 5-in. sides) and therefore 
light; they are kept tight by rod-hoops. A tank stands insulated by glass plates 
on 3 wooden supports, 4 by 10 in. and 2 ft. 10 in. long, which are carried by 
cross beams. Posts, tied by braces, 2 by 8 in. and 15 ft. long, carry steel 

^ U. S. Patent No. 10957448, May 15. 1914. 




ing approximately 460 lb., are suspended from sboulders; the cathodes, i in. 
larger than the anodes, are suspended each by 3 strips of lead from cathode 
bars 2 ft. qM in. long and 3 ^ in. thick. The electrolyte, with lo-per cent. Pb 
and 12 per cent. H2SiF6 is kept at 35 - 3 ^"" C., circulated in the dkection of the 
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arrows through a block of 4 tanks at a rate of 3-4 gal. per min. by means of 
hard rubber pipes. Submerged copper centrifugal pumps with bronze shafts 
raise it to the head tank; the troughs are of wood coated with pitch. The 
current density is ly-iS amp. per sq. ft.; the fall in potential per vat is 0.35- 
0.50 volt. 

The Betts department of the refinery of the American Smelting and Refining 
Co. at Omaha, Neb., confines its work to the treatment of anodes with about 
1.5 per cent. Bi. It has 80 tanks in series, and 20 cascades, or 4 tanks connected 
up according to the Walker system,^ treated in 1917 18,000 tons lead. 
Details of tanks and electrodes are shown in Figs. 700-702. The tanks are 
of asphalt concrete, made up of a mixture asphalt, asbestos and sand; the spaces 
between adjoining tanks are filled with concrete or crushed slag and poured 
sulphur. The tanks rest on square glazed drain-pipes ; these are supported by 
two courses of brick, the upper of wedge and the lower of straight brick; 
between the courses are placed sheets of copper with troughs to carry off drain- 
age. The lower bricks are separated by asphalt blocks. The supporting bricks 
are carried by reinforced concrete beams, and these by concrete piers. The 
ends of a block are braced by wooden buck stays tied with 3^-^-in. rods passing 
in brass pipes through the slag-sulphur concrete spaces; the sides are reinforced 
by 4-in. walls built of wooden strips 2 in. thick, and wooden posts anchored in 
the concrete beams. A tank, 10 ft. ^'s in. long, 26 in. wide and 30 in. deep, holds 
27 anodes and 28 cathodes. The anode has beveled sides; it is 2o3>-^ and 
213^^ in. wide, 2^% and 243-^ in. long, i3^-^ in. thick, and weighs 350 lb.; the 
cathode is i in. wider and longer than the anode, is 3^^ in. thick, and weighs 
6 lb.; the finished cathode about 130 lb. The tank walls are covered with 
insulated oak planks, i^^X6 in., which carry primary busbars, 3^'^X8 in., and 
secondary, i3':^X4 in. Anodes are exchanged through an overhead electric 
crane in tank-lots every 1 1 days, cathodes every 5 or 6 days ; the anode scrap 
amounts to 20-25 cent. 

297. Corrosion of Anode and Deposition on Cathode. — ^The corrosion of 
the anode is, on the whole, regular, as the amount of impurity is comparatively 
small and practically all of it insoluble. It has been found necessary to allow 
from 20 to 28 per cent, of the anode to remain uncorroded, which goes as scrap 
to the anode kettles. The reason for this is that it is necessary to provide a 
full unbroken anode surface for the mud to cling to. With the usual grade of 
lead bullion only a small amount of mud is detached from the anode. If the 
mud exceeds a certain thickness it glides down from the anode or particles 
become detached and collect on the bottom. This is likely to cause short 
circuiting as well as secondary chemical reactions between the components 
of the mud and the free acid of the electrolyte. Most plants clean up every 
10 or II days, which coincides with the renewal of the anodes. A tank-load 
of corroded anodes, with the mud adhering to most of them, is raised from the 
vat, and deposited in a tank-car, twice the size of the cell, filled with water. 
The anode mud is scraped off, and the anodes are brushed by hand or with 
^Hofman, ^‘Copper,” 1918, 532. 
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Th-um rotary brushes, using an electric hoist to raise and lower the anodes; when 
clean, they are raised, rinsed, and transferred to the anode kettles. The mud 
is partly settled, pumped with remaining electrolyte through a filter press, 
washed with water, dried with air or other means, and discharged when ready 
for further treatment. A bronze (Cu 95, Sn 5) Johnson or Schriver press, 
18X18 in. with 12 leaves, furnishes i-in. cakes, which retain 30 per 
cent, water and weigh 400—500 lb. The electrolyte in the pores of the slime 
takes up some lead which is not removed by the wash- water. The first (strong) 
filtrate, consisting of electrolyte, goes to the head tank; the dilute weak 
portion is used for first water in the anode wash-tanks. Most of the soluble 
lead is removed by filtering, but the mud retains about 10 per cent, 
insoluble lead. 

The cathode deposit under good working conditions is smooth, but otherwise 
rough and streaked; at the edges it is thicker than at the center; and frequently 
knobs are formed. The cathodes are also removed by tankloads to a washing 
tank, sprayed with water, and transferred on a car to the melting kettles. 
Dilute solutions are evaporated. 

298. Anode Mud. — The anode mud obtained from the corroded anodes 
and collected from the tanks varies in composition as seen in Table 152. 


Table 152. — Composition op Anode Mud 



Ag| Au 

Pb Sb As Bi 

1 Sn 1 Cul H2O 

Fe 

Se 

Te 

Trail, B. C 

40.2 

3-7 32 :o.s-3.ojNone 

tr. 

None 

None 


E. Chicago, Ind, . . 

IS 0.7 10-15 j35-40 5-8 5-8 

i-i.S 2 - 4 j 

0 . i-o . 2 

0. 20 


Omaha, Neb 


2.7 10 0.2 1 30 

40 

n.d. 

n.d. 

n.d. 


More complete analyses have been published by Betts,^ Whitehead,^ and Kern. ^ 
The treatment of the mud is governed by the presence or absence of Bi 
and with it of Te and Se; it is comparatively simple if Bi, Te, and Se are absent; 
it is complicated if Bi is to be recovered. 

Whatever may be the treatment, the mud coming from a filter-press or 
suction filter is somewhat air-dried, transferred to iron trays on iron cars, 
wheeled into the flue of the reverberatory smelting furnace, or into a connected 
drying chamber, and allowed to remain there for from 24 to 48 hours that the 
moisture may be driven off and the metals more or less oxidized. 

The anode mud from Trail, B. C., is free from Bi and Te. The oxidized 
mud is melted in the coal-fired reverberatory furnace shown in Figs. 703- 
705, the hearth of which is lined with magnesite brick. From 20 to 25 tons of 
partly oxidized mud are smelted in about 10 days without the use of any flux, the 
antimony slag being raked off as soon as the hearth is filled. When toward the 

' Tr. A. I. M. E., 1904, XXXIV, 182, 183. 

^ Mines and Minerals, 1905, xxv, 288. 

*Met. Chem. Eng., 1911, ix, 417. 
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end of a campaign, tlie last of the antimony slag has been removed, there rises 
to the surface of the dore silver a crust consisting mainly of CU2O; this is skim- 
med, and the dore silver, from 80,000 to 100,000 oz., dipped- The antimony 



slag, which assays from 300 to 500 oz. dore per ton, is resmelted once or twice 
with fine coal in the reverberatory furnace, whereby its content in precious 
metal is reduced to about 8 oz. Ag per ton. The purified antimony slag then 
goes to the blast furnace to be smelted for hard lead. 
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In 1908 A. J. McNab^ worked out at Trail, B. C., a wet process for the 
treatment of the anode mud, which consisted of the following steps; 

(i) Solution of Sb, As, Te, and Se in sodium polysulphide and electro-deposi- 
tion of antimony from the filtered solution; accumulating arsenic is to be re- 
moved by concentration of liquor to 35° Be. and subsequent cooling. (2) 
Sulphatizing roast of the residue (Ag, Pb, Bi, Cu, Au); extraction of copper 
(also some Ag and Bi) with water and sulphuric acid; precipitation of silver 
and bismuth with copper. (3) Fusion of the residue (Au, Ag, Pb, Bi) from leach- 
ing the sulphatized material, in a reverberatory furnace; separation of lead and 
bismuth from gold and silver by cupellation; recovery of bismuth by the 
known methods; concentration of the copper solution, etc. 

The process was put into operation, but given up again, when the Sb in 
the hard lead brought the same price as if unalloyed with lead. 

The treatment of anode mud containing Bi has been worked out at the 
works of the U. S. Metals Refining Co., East Chicago, Ind., and is used in a 
modified form at Omaha, Neb. 

Details are reserved for the present; they will be discussed in a later work 
in connection with the metallurgy of bismuth. 

299. Comparison Betts and Parkes Processes. — It has been stated that 
there exist only four plants which use the Betts, and that in one of these it 
forms a subordinate department for the treatment of lead bullion rich in Bi. 
The advantages of the Betts process are that it furnishes a high yield of refined 
lead that is free from Bi, and a means of recovering this metal. The disadvan- 
tages are that the refined lead contains 0.20 to 0.30 oz. Ag per ton versus o.io to 
0.12 oz. of the Parkes lead, and that the cost of electrolysis is 50 per cent, more than 
that of zinc desilverization. In order that the Betts process may compete 
with the Parkes, it is essential that the Bi-content of the lead bullion at least 
make good the difference in cost of treatment. The Bi-content of the usual run 
of lead bullion is very low. It is the common practice of Parkes plants to sacri- 
fice the Bi and to make up softening-furnace charges which contain less than 
0.05 per cent. Bi, and thus produce a refined lead which meets the requirements 
of corroding lead. 

^ U, S. Patent No. 907754, Dec. i, 1908. 
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LEAD POISOHINGi 

300. General. — It is the universal experience that men engaged in working 
lead oreS; metallic lead or lead oompounds are more or less affected by the 
poisonous character of the materials they are handling; they are “leaded,” 
i.e., suffer from plumbism. Though men and women who make preparations of 
lead are by far the greatest sufferers, the lead smelteries and refineries have 
poisoned sufficient employees to give them a bad name. The earlier plants in 
the United States have been more careless in this regard than have the older 
of Europe, where government supervision has been more exacting; but in the 
United States the protection of workmen against poisoning has made con- 
siderable progress, so that the number of men afflicted at present is small in 
comparison with that of even 10 years ago. 

The lead plant has as its raw material the ore, which is sampled, roasted, 
and smelted. Sampling makes dust; roasting and smelting make both dust 
and fume. The end-product of the smelting process, the lead or lead bullion, 
and the intermediary products, speiss, matte, slag, flue-dust, and fume, are sub- 
jected to fire-processes, in all of which there are again formed poisonous dust 
and fume. It is not possible to carry on these operations wdthout making dust 
and fume, hence both finely divided products have to be removed as soon as 
formed and thus brought out of contact with the men who are producing them. 
When the collected dust and fume have to be handled, the men doing this 
work have to be protected by special devices, so that the fine materials cannot 
enter their systems and exert harmful effects. It was formerly held that lead 
was absorbed by the skin; this, it is now believed, does not occur as long as the 
skin is not broken. Lead enters the human body through the mouth and the 

1 Fuller, M. Meissner, C., “Hygiene der -Berg-, Tunn- und Hiittenarbeiter,” Fiscber, 
Jena, 1895. 

Report of Austrian Secretary of Commerce, “ Bleivergiftungen in Hiittenmanniscben 
und Gewerblichen Betrieben, Ursacben und Bekampfung,” 8 parts, Holder, Vienna, 1905 -1913* 

Muller, R., “Die Bekampfung der Bleigefakr in Bleihiitten,” Fiscber, Jena, 1901. 

Leyman, “Die Bekampfung der Bleigefakr in der Industrie, ’JFiseher, Jena, 1908. 

Rambousek, J.-Legge, T. M., “industrial Poisoning,” Arnold, London, 1913. 

Collins, E. L., “H. M. Medical Inspector of Factories,” Special Report on Dangerots or 
Injurious Processes in the Smelting of Materials Containing Lead,” London, igio. 

Clifton, Industrial Lead Poisoning, Min. Sc. Fress^ 1912, cv, 9- 

Libert, J.-Firket, V., Conditions de salubrit6 int^rieure des usines Beiges, plomb et argent, 
Ann. Min. Mdgi, 1913, xvni, 449; reprint, B6ranger, Paris-Liege. 

Hamilton, A., “Lead Poisoning in Smelting and Refining of Lead,” BA 141, U. S. Bar. 
Labor and Statistics, Washington, 1914. 
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nose, is acted upon by gastric juices, and tlie dissolved lead forms the poison. 
The solvents in gastric juice are hydrochloric acid and peptone. 

301. Lead and its Compounds as Poisons. — The boiling-point of metallic 
lead is 1525° C.; but the metal is volatile at much lower temperatures. The 
experiments of Lewin^ have shown that at atmospheric pressure molten lead 
does not give off any vapor at from 500° to 520° C., that at 850 to 900° C. 
some is noticeable, and that the presence of other metals, especially zinc and 
antimony, causes vapor to form at 750° to 800° C. Lead vapor is quickly 
changed to oxide. 

Lead sulphide melts at 1120° C., but is volatile at 600° to 800° C.; it is 
oxidized at 360° to 380° C. into oxide and sulphate. 

Lead oxide is volatile at 883° C. 

Lead sulphate is split at 900° C. into basic sulphate and sulphur trioxide. 

Xiead carbonate is dissociated at 315° C. into lead oxide and carbon dioxide. 

Metallic lead is sparingly soluble in hydrochloric acid. Of the different 
compounds, lead sulphide is least soluble at body temperature in gastric juice; 
then follows lead sulphate, normal and basic; the oxide, both normal and basic 
carbonates, are the most soluble. 

The lead in the dust and fume of smelteries is not an acute poison. Its 
effect is cumulative; small quantities taken into the body by daily contact with 
the source are absorbed by the system. They show their effects with some men 
in a week; with others it may take a month or months before they show any 
symptoms of being poisoned. The beginning of lead poisoning^ is noticed by a 
disturbance of general health, a sense of weakness accompanied by a decline 
in strength, severe headaches, lack of appetite accompanied by great thirst, 
pain in the stomach and vomiting, bad breath, loss of color followed by sallow 
complexion. Discoloration of gums with blue line at contact of gums and teeth 
is usually noticed, but not always; ulceration of mucous membrane is common. 
Painful constipation (lead colic) and retention of urine are characteristic in 
acute attacks. In chronic cases, pain in limbs, trembling of fingers, swelling 
of joints, lameness of hands and legs, affifictions of eye-sight, smell, and taste, 
and other serious complications are of only too frequent accurrence. 

302. Remedies. — The presence of dust and fume in a lead plant is unavoid- 
able. The principle to be followed in correcting the evil is to collect dust and 
fume at the place where they are produced in as concentrated form as possible, 
that is, not to allow them to become diluted with air before an attempt is made 
to withdraw them. For this reason natural draft is less efi&cient than suction 
by means of fans. Fans are being used more and more; in many instances they 
have not been an expense, but even a source of profit. This became evident 
when the g^es laden with dust and fume were delivered into separate bags of 
a bag house, and the collected materials valued. 

^ MetaU, u. £rsf., 1913, x, 441. 

* Sommerfeld, Th.-Fischer, R., transl. by Rand, W. H., ^^List of Industrial Poisons and 
Otker Substances Injurious to Heaitli, etc.,” Obio State Board of Health, Columbus, 0 ., 
1914,21. •, 
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Ores are received in lump form and as a concentrate. Carbonates make 
more dust tban sulphides. All ores have to be weighed and sampled. Hand- 
ling, crushing, and sampling are operations which make much dust, unless the 
ore is wet or moist. It will not do to moisten dry ores, as a moisture-sample 
has to be taken in order to arrive at the dry weight on which the assay is 
based. .The remedy therefore lies in having the spaces for unloading well 
ventilated, (§121), in having fans at the places where ores are comminuted, 
in having machine-sampling whenever possible, in forcing sampling men to 
wear respirators when necessary, and taking the usual precautions given below, 
and in keeping the floors sprinkled and clean. Charging floors require the 
same attention as sampling floors. 

In the discussion of the various apparatus for roasting, smelting, and refin- 
ing, attention has been called to the modern equipments for withdrawing by 
means of fans all the fumes that are formed. 

Some of the analyses of fumes from various sources collected by Iles^ are 
given in Table 153. 

All apparatus and devices are of little use, if the management of the plant 
does not strictly enforce their use. For this purpose it is advisable to lay down 
definite regulations which are to be followed rigidly by all employees. It is 
also necessary that the company have in its employ a physician who is conver- 
sant with the treatment of cases of lead-poisoning. 

Some rules for the guidance of employers and employees are submitted. 

Boys ought not to be employed, and men only when they have been passed 
upon by the physician. 

Men who, soon after employment, show signs of lead-poisoning ought to be 
dismissed; men who have suffered from lead ought to be given temporary work 
which does not expose them to lead. The length of shift ought to be governed 
by the danger of the work. 

Food ought to be brought in tight pails. Eating in the place of working 
ought to be forbidden; for this special rooms ought to be provided which contain 
washing appliances with free soap and towels. Washing of hands and face and 
rinsing of mouth ought to be insisted upon before anything is placed in the 
mouth. The mouth ought to be rinsed before taking a drink or tobacco, or 
after having being exposed to dust or fume. 

In passing through dust or fumes, a man ought to hold his breath; if exposed 
for a short time, he ought to tie a pocket handkerchief over his nose and mouth; 
if for a longer time he ought to use a sponge or other respirator, furnished free 
by the company. 

A man ought to have had a substantial meal containing fats before starting 
work; he should put a little vaseline up his nose. He should avoid alcohol 
and acid foods, and .should drink freely water and milk. 

He should be careful not to become constipated. 

Any indication of -sickness ought to be reported at once to the physician. 

Room ought to be supplied for the diange of clothing, and closets provided 

1 School Min. Quart., 1899, xx, 397. 
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METALLURGY OF LEAD 
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for the working and street clothes. Working clothes ought to be washed a1 
stated intervals. Bathing ought to be free, and ought to be encouraged, includ- 
ing the washing of the head. 

As to treatment, the aim is to facilitate the elimination of lead througi 
the kidneys and the intestinal canal. Potassium iodide, which was commonly 
used, has been found to have no beneficial effect. Hutchings found lozenges 
made up of sulphur, sugar, and peppermint, and containing 0.5 grain of sodium 
sulphate, to be ef&cacious at the works of Cookson & Co., ISTewcas tie-up on- 
Tyne, which produce daily 200 tons white lead and 50 tons red lead.^ 

The use of drinking water slightly acidulated with sulphuric acid has been advo- 
cated; also drinking water charged with table salt; but definite results have not 
been recorded. A novel treatment which has been tried recently is by the 
Clague Electrolytic System,^ in which a direct current is passed through a man 
whose bare feet and hands are placed in cells, charged with brine, and 
connected by electrodes with a current of 60 milliamperes at about 20 volts. 
At the Selby Lead Works, Selby, Cal,,® daily treatment for 30 min. on 30 con- 
secutive days proved to be efficacious. No lead, however, was found in the 
electrolyte. 

1 Blum, F., “ Untersuchungen iiber Bleivergiftung und ihre Verhtitung in Industriellen 
Betrieben,” Frankfort s/M., 1900. 

2 Oliver, Royal Society of Edinburgh, through Lancet, 1914, i, 853. 

* E. N. Engelhardt, letter, Sept. 12, 1917. 
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Accretions, blast furnace, 
hearth, 426 
wall, 425 

Aguas Calientes, converting lead -copper 
matte, 408 

Air, 

cooled ore-hearth, 99 
cooling agent for gases, 431 
effect on lead, n 
furnace, lead smelting, 75 
pressure, blastfurnace, 219, 221 
reduction process, 47 
supply, blast furnace, 243, 244 
temperature, blast furnace, 243 
volume, blastfurnace, 219, 221 
cupellation, 598 

Aitken, dust and hot plates, 431 
Albandite, behavior in roasting, 140 
Algebraic method, calculation blast furnace 
charge, 331 
Allotropy, lead, 7 
Alloy press, the Howard, 543 
Alloy series, binary, 

Ag — AgaS, 395 
Ag — As, 388 
Ag — Bi, 59 1 
Ag — CuaO, 616 
Ag— Pb, 16 
Ag— Zn, 495 
Ag2S — CuaS, 397 
AgaS — FeS, 396 
AgaS — PbS, 397 
AgaS — ZnS, 39S 
Al— Pb, 22 
As — An, 388 
As — Bi, 388 
As — Co, 387 
As — Cu, 388 
As^ — Fe, 386 
As — Mn, 3 88 
As — ^Ni, 387 
As — Pb, 20 
As — ^Pt, 388 • 

As — 388 


Alloy series. As — Zn, 3S8, 498 
Au — Pb, 1 7 
Au — Zn, 495 
Bi — Pb, 17 
Ca — Pb, 23 
Cd— Pb, 18 
Co — Pb, 20 
Co — Zn, ^00 
Cr— Pb, 23 
Cu — CuaS, 393 
Cu — Pb, 15 
Cu — Zn, 497 
CuO— PbO, 35 
CuaS— FeS, 395 
CuaS — PbS, 396 
CuaS — ZnS, 396 
Fe — FeS, 393 
Fe — Pb, 21 
Fe — Zn, SOI 
FeS — PbS, 395 
FeS — ^ZnS, 396 
Hg — Pb, 23 
In — Pb, 23 
Ir— Pb, 23 
K— Pb, 23 
Mg — Pb, 23, 24 
Mn — Pb, 22 
Na— Pb, 23 
Ni — NiaSa, 394 
Ni — Pb, 20 
Ni — ^Zn, 500 
Os — Pb, 23 
P— Pb, 23 
Pb— PbS, 41 
Pb— Pd, 23 
Pb — Pt, 23 
Pb— Rh, 23 
Pb — ^Ru, 23 
Pb — Sb, 19 
Pb — Se, 23, 40 
Pb — Si, 23 
Pb — Sn, 18 
Pb — ^Te, 23, 41 
Pb — ^Tl, 23 
Pb— Zn, i 
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Alloy series, PbS — SbgSs, 98 
PbS— SnS, 398 
PbS — ^ZnS, 397 
Pd — Zxi, 498 
Pt — Zn, 498 
Sb~“Zii, 498 
Sn — Ziif 500 
Te — Zuj 498 
Alloy series, quaternary, 

Bi — Cd — Pb — Sn, 33 
Alloy series, ternary, 

Ag — Cu — Pb, 17 
Ag — Pb — Sn, 33 
Bi— Cd~Pb, 33 
Bi — ^Pb — Sn, 33 
Cu — Ni — Pb, 33 
Cu — Pb — Sb^ 33 
Pb — Sb — Sn, 30 
Pb — Sn — Zn, 33 
Alloys, industrial, lead, 24 
Alternate enlargement and contraction, dust 
flue, 435 

Altitude, fuel requirement blast furnace, 306 
Alumina, flux lead slag, 319 
Aluminum, addition zinc desilverization, 496 
-lead, 22 

American, silver-lead smelting works, 137 
American smelter, matte granulation, 274 
American Smelting & Refining Co., Omaha, 
Neb., Betts plant, 632 
American water-back ore-hearth, loi 
Ammonia in flue-dust, 428 

treatment refining oxides, Schnabel, loi 
Analyses, tabulated, 

anode mud, Betts process, 634 
antimonial speiss, 582 
antimony skimming, 528, 599 
assay silver, 6 x6 

bag-house fume, raw and sintered, 447 
bituminous coal, 303 
black slag, slag-eye furnace, 126 
blast furnace, vra.ste gas, 342, 343 
Carinthian lead, 74 

changes, desilverized lead, by steaming, 
SSS 

lead bullion, by dressing and zincking, 
Soo 

galena, revorberatory smdJmg, 84 
chrome brick, 233 
clinker, Bartldtt process, 129 
coke, 300 
-ash, 300 

commercial lead, 14 . 

converter fum^ Agdas Calientes, 408 


Analyses, crude silver, 599 

desilverization non-softened lead bullion, 
502 

distillation zinc crust, pure and impure, 
578 

dross, softening lead bullion, 515, 516 
dust and fume, cupellation, 617 
dust, converter flue, 414 
flue-dust, blast furnace, 428, 429 

hand reverberatory roasting furnace, 
IS7 

softening furnace, 528 
Tarnowitz reverberatory smelting fur- 
nace, 92 
^ay slag, 84 
hard lead and dross, 583 
hearth accretions, 427 
high-zinc lead slags, 327 
industrial lead alloys, 25 
lead bullion, 379 
lead bullion and dross, 515, 516 
lead fume, 640 
lead ores, 

Carinthia, Raibl, 72 
Colorado, 57 
Idaho, 59, 60 
Missouri, 50, 54, 55 
Nevada, 58 
Utah, 59 
matte, 392, 403 

matte and slag, Freiberg, matte concen- 
tration, 407 

melting dross, products, 516 
metals and sulphur in lead, distribution, 
380 

ore-beds, 247 

pre-hearth dust and fume, 118 
ore mixture, Tarnowitz reverberatory 
smelting furnace, 87 

products, cupellation tellurium-bearing 
lead, 592 

German cupellation, Pribrano, 599 
melting dross, 516 

raw materials and products, converting, 
Topele, 422 

residue reverberatory furnace, Engis, 75 
roasted ores from hand reverberatory 
furnace, 155 

silver in lead bullion and dross, 382 
silver and gold in lead bulliojn, 382 
slag-shells, run slag, waste riiag, 371 
slags, Bartlett prpeess, 131 
• rich ' in , manganese," 3 1 ^ 

sows, blast furnace, 427 
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Analyses, speiss, 385 

speiss, melting dross, 516 
sublimed lead pigment, 126 
sulphide lead ores, 50 
sulphur dioxide and trioxide, converter 
gas, 414 

tellurium in refinery products, 517 
in zinc crust, 574 
wall accretions, 425 
waste gas, blast furnace, 342, 343 
zinc lead pigment, Bartlett process, 134 
zinc-silver crust, 530 

Anderson spreader, mechanical feeding blast 
furnace, 365 
tuyere, 241 
Anglesite, 51 
Annealing lead, 9 
Anode, Betts process, 621 

corrosion, Betts process, 632 
mud, Betts process, 634 
Anthracite and coke, blast furnace, 303 
Antifriction metal, 30 
Antimonial lead, 513, 579 
speiss, 582 

Antimony, behavior, blast furnace, 53 
Betts process, 620 
cupellation’ process, 592 
Parkes process, 499 
softening lead bullion, 514, 526 
corroding-lead, 20 
distillation zinc-silver crust, 578 
effect, smelting blast furnace, 329 
lead, 19 

Arents siphon tap, 208, 232, 234 
Argentite, behavior in roasting, 140 
Arizona, lead ores, 60 
Arsenic, behavior, Betts process, 620 
cupellation process, 592 
Parkes process, 498 
softening lead bullion, 514, 523 
corroding-lead, 20 
distillation, zinc-silver crust, 578 
effect, smelting blast furnace, 329 
lead, 20 

Arsenious oxide, saturation curve, "431 
Assay-sample, lead bullion, 383 
silver, 616 

anode, Betts process, 621 
antimonial lead, 13 
Arizjbna lead ores, 60 

’©oppfeB 'Asma. lead-copper matte, 
412, 4t4 

books for bictat foixiaoe woi^,^ 578 


Assays, bottom, reverberatory furnace, 
Engis, 74 

Colorado, Lake County concentrate, 56 
Pitkin County concentrate, 56 
dross, products from fusion, 516 

reverberatory furnace, Tarnowitz, 91 
dust, converter, Garfield, 417 

near blast furnace and stack, 430 
and fume, Newnam ore-hearth, 109 
flue-dust, briquette, 461 

raw and fused, Denver, 464 
fume, blast furnace, Midvale, 131, 290, 
440, 441 

raw and sintered, Murray, 447 
fire clay, 596 

furnace charge, Tamowitz, 87 
galena concentrate. Bonne Terre, 150 
Mine La Motte, 150 
South West Missouri, 55 
high and low in silver, 49 
gray slag, Joplin, 115 

Newnam ore-hearth, 109, 114 
Idaho, Coeur d’alene, raw ore and con- 
centrate, 59 

lead ore, Newnam ore-hearth,Galetta, 1 14 
ore-hearth, 96 

lead-zinc ore, Bartlett process, Florence, 
Colo., 129 

litharge, retort bullion, 617 
marl, 596 

matte, average, 392 

blast furnace, El Paso, 268, 274 
Herculaneum, 277 
blast roasted, Herculaneum, 402 
nickel, 400 
Omaha, 414 

smelting softening furnace dross and 
skimming, 580, 5S2 
zincky, El Paso, 325 
Missouri galena concentrate, 54, 55 
Montana galena concentrate, 57 
Newnam orje-hearth products, 109 
ore-charge, Bradford-Carmichael process, 

187 

Dwight-Lloyd process, 200, 201 
Huntington-Heberlein process, 183 
Savelsberg process, 189 
ores, GotMr^ furnace, 169 
Wedge furnace, 174, i7Sf 
refining oxides, 5 S 3 i 554 
skimmings, sM 
i^due, revMrberatOilgr fuEnia©!^ 75 
Granby, 77 
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Assays, scaly mass, softening furnace, 527 
silver-gold crust, abnormal, 529 
slag, blast furnace, El Paso, settled and 
unsettled, 267 

-shell, blast furnace, El Paso, 268 
soda skimming, 587 
speiss, blast roasted, 391 
Eureka, 388 
Freiberg, 389 
Oker, 389, 390 

smelting softening furnace sHmming, 
580 

sublimed lead, 126 

sulphide lead ore, raw and dressed, 50 
reverberatory roasting furnace, 150 
1 54 

tellurium, niter slag, 615 
tin skimming, 584 
zinc oxide, impure, 587 
Atlantic coast, lead ores,' 53 
Atomic weight, lead, ii 
Austin igniter, Dwight-Lloyd machine, 197 
Automatic tap, Arents, 20S, 232, 234 
Available iron for fluxing, 333 
Average assay, calculation, 3 84 

B 

Baker hood, blast roasting, 185 
Balbach process, 495 

Balbach Smelting & Refining Co., Parkes 
plant, 509 

Bag filtration, Midvale, 449 
Murray, 442 
Tooele, 422 
Bag house, 454 

experimental, Mapimi, 441 
Lone Elm works, Joplin, 120 
record, 449 

Bardill lead-poling apparatus, 258 
Barite, effect on lead slag, 323 
Barium sulphate, dissociation and reduction, 
70, 323 

Bar of lead, weight, 379 

Barring down blast furnace, 372 

Bartlett blast furnace, volatilizing smelting, 

130 

process, for mixed sulphides, 128 
modified, Florence, Colo., 135 
Baryta, blast furnace charge, 324 
Base excess, definition, 61 
Battery plates, 2S, 28 
Bearing metal, 25, 28 
Bedding ores, blast furnace, 246 


Bellinger, blast roasting furnace, 186 
Bessemer roasting, 15S 
Betts process, 619 

vs. Parkes process, 636 
Bibliography, lead, 6 
Billow oil burner, 571 
Bi-silicates, formation temperatures, 309 
Bismuth, corroding-lead, 17 
in Betts process, 620 
in blast furnace process, 53 
in cupellation process, 592 
in Pattinson process, 469 
in Parkes process, 590 
-lead, 17 

Bituminous coal and coke, blast furnace, 302 
Black slag, slag-eye furnace, 126 
Blank silver-lead smelting plant, 293 
Blast and down-draft sintering, 158 
blast furnace, 243 
cupellation, 614 
furnace, barring down, 372 

Bartlett, volatilizing smelting, 130 
blow-boles, 372 
blowing- in, 351 
-out, 376 
books, 377 

brick vs. steel shaft, 225 
building material, 223 
Bunker Hill & Sullivan M. & C. Co., 
210, 217 

charge, calculation, 330 
chemistry, 339 

Colorado Iron Works of 1890, 208, 209 
concentrating matte, 402 
Consolidated M. & S. Co. of Canada, 
210, 211, 212 

development in U. S., 207 
dust-proof feed-floor, 287 
East Helena system of feeding, 362 
feeding and gas- withdrawing openings 
226 

figuring alumina, 319 
baryta, 324 
magnesia, 319 
manganous oxide, 316 
zinc oxide, 327 
fine ore, 374 
floor, ventilation, 289 
foundation, 210 
fuel, 299 

general reduction process, 136 
handling raw materials, products, 207 
height, 213 

horizontal section j 213 i / ' 
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Blast furnace, International Smelting Co., 
208, 210 

irregular descent of charge, 372 
irregularities, 371 
matte concentration, 404 
mechanical feeding, 357 
ISTorthport S. & R. Co., 210, 214, 215, 
216 

plant, 290 

precipitation process, 136, 339 
products, 379 

Pueblo system mechanical feeding, 358 
removal of lead, 369 
roasting and reduction process, 136 
. reducing agents, 339 
Selby Smelting & Lead Co., 231 
smelting, cost and losses, 465 
operations, 351 

power, H.-H- and D.-L. products, 
207 

tables, 210, 218—221 
tapping, 368 
thermal balance, 345 
use of burnt lime in charge, 318 
with wall accretions, 374 
vertical section, 223 
waste slag, 424 
work on charging floor, 357 
on dump, 370 
on furnace floor, 368 
range, 245 
pressure, 219, 221 
and fuel requirement, 306 
roasting apparatus, continuous, down- 
draft, 158 

intermittent, up-draft, 158 
Baker hood, 185 
Bellinger furnace, 186 
Carmichael-Bradford process, 158, 187 
DwigHt-Lloyd process, 158, 190^ 
flue-dust, 465 
general, 156 
Haas pot, 186 

Huntington-Heberlein process, 157, 

177 

Kelley apparatus, 186 
make-up of charge, 160 
management of furnaces, 163 
matte, 401 
pot, 178 

Richard hood, 184 
Robinson roaster-box, 186 
rough roasting metallic sulphide, 164 
Savelsberg process, 158, 18S 


Blastfurnace, roasting apparatus, speiss, 391 
theory, 158 
Vivian apparatus, 186 
Blende, behavior in roasting, 139 
blast furnace charge, 325 
Blowers, 208, 243 
Blow-holes, blast furnace, 372 
Blowing-in, blast furnace, 325, 351 
-out, blast furnace, 376 
Blue powder, 587 
Boiling point, lead, 9 
Bone-ash, cupel test, 612 
Borates of lead, 38 
Bosh, blast furnace, 223 
Braden, overflow slag-pot, 261 
Bretherton, bismuthic ores in blast furnace, 
53 

Brick flues for gases, 433 
steel shaft, 225 

Brickwork, building material, cooling flues, 

431 

Brightening of silver, 598 
Briquettes, burning, 462 
Briquetting, flue-dust, 461 

machine, Chisholm, Boyd & White, 462 
Bromide of lead, 39 
Brown DeCamp, fume collection, 440 
Brown, mechanical roasting furnace, 142 
Bruckner mechanical roasting furnace, 142 
Brunton mechanical roasting furnace, 1 68 
Building materials for gas flues, 43 r 
Bullets, 25, 28 

Bunker Hill smeltery, Dwight -Lloyd plant, 
203 

blastfurnace, 210, 217 
plant, 290 

Burning briquettes, 463 
Burnt lime, flux for blast furnace, 318 
for wall accretions, 374 


Cadmium, Betts process, 620 
-lead, 18 

Parkes process, 501 

Calcium carbonate, dissociation, sulphatiza- 
tion, 70 
-lead, 23 

sulphate, blast furnace, 323 

decomposition, reduction, 7 o> 323 
Calculation, blast furnace charge, 330 
thermal balance, blast furnace, 345 
California lead or^, 60 
Carbonate lead or^, 49, 52 
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Carbon content, coke, fuel requirement blast 
furnace, 305 

dioxide, effect on lead, ii 

monoxide, dezincking lead, 557 
Carinthian method, smelting reverberatory 
furnace, 72 

Carmichael-Bradford process, 158, 187 
Casket ornaments, 28, 30 
Casting-wheel, molten lead, 256 
Cast iron vs. steel jackets, 236, 237 
kettles, 537 
Catenary flue, 434 
Cathode, Betts process, 632, 633 
Cement, hearth material, cupel test, 613 
Cerussite, 51 
Chalcocite, roasting, 138 
Chalcopyrite, roasting, 139 

smelting in blast furnace, 328 
Chamber-dust, 427 

Changes, galena in English reverberatory 
furnace. 84 

charge, matte-converting, Tooele, 421 
desilverized zincky lead, steaming, 555 
direction of flue, settling flue-dust, 435 
Charcoal and coke, blast furnace, 302 
blowing-in blast furnace, 353 
Charge, addition of slag, blast furnace, 322 
blast furnace, calculation, 330 
descent in blast furnace, 343, 371 
make-up for blast roast, 160 
size, blast furnace, 330 
Charging floor, work on, 357 

machine, Parkes process, 513 
Chemical properties, lead, 1 1 
Chemistry, blast furnace, 339 
Chisholm, Boyd & White, mineral press, 
462 

Chloride of lead, 38 
Chromebrick, composition, 233 
Chromium-lead, 23 

Circulation electrolyte, Betts process, 627 
Oague electrolytic systeyi, lead poisoning, 
641 

Classification, smelting methods, 66 
Clay-limestone mixture, hearth material, cu- 
pel-tot, 612 

Cleaning blast furnace dag, 424 
Closed-top blast furnace, 226 
Cobalt, absence in mwtte, 385 
Betts process, 619 
Parkes process, 50Q 
-lead, 20 

presence in matter 400^ 497 
Coke and anthracite, blast iurpasee,. 


Coke and bituminous coal, blast furnace, 302 
and charcoal, blast furnace, 302 
blast furnace, 299 
-fired, Faber du Faur furnace, 567 
Collection, flue-dust and fume, Bartlett proc- 
ess, r3i 

Collinsville, ore-hearth, iii 
Color, lead, 7 

lead oxide, 34 
lead silicates, 37 
lead slags, 314 

Colorado Iron Works, blast furnace of 1890, 
208, 209 
fore-hearth, 264 
slag cars, 278 
lead ores, 56 

Combined Pattinson and Parkes process, 590 
Comparison, cupellation methods, 618 

cupellation, Pattinson, and Parkes proc- 
esses, 467 

ore-hearth and reverberatory smelting, 96 
reverberatory smelting methods, 92 
Compounds of lead, 34 

Concentration smelting matte, blast furnace, 
402 

reverberatory furnace, 405 
Condensation arsenious oxide, 431 
sublimed-lead process, 123' 
wet, 460 

Condenser, distillation zinc crust, 569 
Conductivity, electric, lead, 10 
lead oxide, 35 
sulphate, 45 
sulphide, 42 
heat, lead, 10 
Connersville blower, 244 
Consolidated M. & S. Co., Canada, blast fur- 
nace, 210, 211, 212 
mechanical feeding blast furnace, 365 
ore-handling, 253 
Constitution of matte, 393 
of speiss, 386 

Converter gas, content sulphur trioxide, 414 
Converter, the Davies for speiss, 388 
Converting lead bullion, 467 
-copper matte, 407 
with siliceous flux, 409 
without siliceous flux, 419 
speiss, 391 

Cooling effects, building material, 431, 432 
flue and chamber, 431 
gas, dry collection of flue-dust, 430 
kettle, removal zinc crust, Parkes proc- 
essi 5 49 
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Copper, Betts process, 619 
corroding-lead, 16 
cupellation process, 591 
distillation zinc crust, 578 
-lead, 15 
-silver, 17 
oxide-lead oxide, 35 
Pattinson process, 470 
Parkes process, 497 
refined silver, 616 
softening lead bullion, 514 
Corduri6, steam-refining zincky lead, 553 
Corroding-lead, foreign metals, 15 
Corrosion anode, Betts process, 632 
Cost, Bartlett process, 134 

blast, furnace smelting, 465 
bag filtration, 447 
erection Parkes plant, 588 
sublimed-lead plant, 126 
granulating matte, 278 
operation, sublimed-lead plant, 127 
Parkes process, 588 
silver-lead smelting plant, 295 
smelting in ore-hearth, 12 1 
in reverberatory furnace, 86 
Tredinnick-Newnam process, 493 
Cotton vs. woolen bags, 132, 445, 455, 456 
Cottrell process, converter fume, Garfield, 

41S 

electric precipitation fume, 415, 457, 458 
Covellite, roasting, 139 

Cowles, enlargement flues, settling dust, 437 
Crawl of bismuth, Tredinnick process, 482 
Crocoite, 53 

Crucible, blast furnace, 232 
warming, 351 
Crude silver, fineness, 599 
refining, 600 
Crystallization, lead, 7 
lead slags, 313 
Luce-Rozan process, 473 
Pattinson process, 468 
Crystallizer, Xuce-Rozan process, 473 
Tredinnick process, 485 
Crystals, galena, 49 
lead, 7 

lead slags, 313 
litharge, 34 

slag-roasted galena, 156 
Cupel bottom, composition, 599 
Cupellation, compa^rison other desilverizing 
processes, 467 
English, 602 
German, 594 


Cupellation, process, 591 
products, 599, 617 
Cupric sulphide, roasting, 139 
Cuprous sulphide, roasting, 138 
Current, Betts process, 621 
Cutting out wall accretions, 372 

D 

Darby tube, blast furnace, 230 
Davies, desilverization of sp>eiss, 388 
Davis slag-escape tuyere, 240 
Decomposition lead silicates, 38 
Decopperization lead, by dressing, 515 
by Pattinson process, 481 
by Parkes process, 531 
Deposition on cathode, Betts process, 632 
Depositing vat, Betts process, 625 
Depth, crucible, blast furnace, 234 
Descent, charge, blast furnace, 343, 371 
Desilverization, Betts process, 619 
converting, 467 
cupellation, 591 
electrolysis, 468, 619 
lead bullion, 467 
matte, 400 . 

Parkes process, 494 
Pattinson process, 468 
slag, 424 

softened lead bullion, 528 
speiss, 388 

Desilverized lead, 513 
refining, 551 

Desilverizing kettles, Parkes process, 536 
Desloge, smelting in reverberatory furnace, 84 
Devereux pot, separation matte and slag, 262 
Dezincking desilverized lead, 467, 502, 551, 
SS 7 

Diaphaneity, lead slags, 314 
Dilatation, lead, 10 
Discharge, lead kettles, 473, 536 
Disposal products, ore-hearth, 115 
Distillation zinc crust, 566 
behavior tellurium, 574 
results, 577 

Distribution metals and sulphur in lead, 380 
Divine process, treatment refining skimming, 
S86 

Dolomite, blast furnace charge, 319 
roasting and reaction process 70 
Dross, composition, 599 
hard lead, 583 

softening furnace, treatment, 579 
DrossiE® lead bullkm, 515 
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Drum-macHne, Dwiglit-Lloyd process, 191 
Dry collection, dust and fume, 430 
Dr3dng blastfurnace crucible, 352 
cupel test, 614 
Ductility, lead, 9 
Dump, work on, 370 
Dust-chamber, blast furnace, 435 
Dust and fume, distinction, 427 

removal from blast furnace building, 286 
settling,' tests Goodale-EHepinger, 434, 
438 

Dwigbt-Lloyd, process, rsS, 190 
plant, 194, 203 
straigbt-line machine, 191 
and Huntington-Heberlein processes, 206 
Dwight-Messiter, ore bedding system, 247 
Dwight-Norton spreader, feeding blast fur- 
nace, 364 

Dwight spreader, feeding blast furnace, 363 
E 

Eagle-Picher Lead Co., ore-hearth, 100 
plant sublimed-lead process, 121 
East Helena charging car, 362 

system, mechanical feeding blastfurnace, 
362 

Edelmann-Roessler process, 496 
Efficiency dust-arresting devices, 438 
Efflorescences on waste slag, 424 
Eilers, on lead slags, 310 
tuyere-box, 241 

Electric conductivity, see Conductivity. 

precipitation of fume, 415, 457, 458 
Electricity, tapping blast furnace, 369 
Electrode distance, Betts process, 624 
Electrolysis, blue powder, 587 
lead bullion, 468, 619 
Electrolyte, Betts process, 620 
Electrolyzing vat, Betts process, 625 
El Paso, granulating plant, 274 
reverberatory settler, 267 
Ems, Freudenberg plates, 436 
Engis, smelting reverberatory furnace, 74 
English cupellation, 602 

method, smelting in reverberatory fur- 
nace, 77 

vs. German cupellation, 6x8 
Engraving plates, 25, 28 
■ Enlargement of flue, settling dust, 435 
Enrichment of bismuth and silver, Pattinson 
process, 470 
Tredinnick process, 482 
Eureka, ISTev., Luce-Rozan process, 480 


Eurich, sampling silver, 617 
Examples, handling ore, flux, fuel, 248 
ore-hearths, 98 
plants, III 
Wedge furnace, 174 
zinc- tables, 532 
Expansion, lead, 10 
Extraction, silver from lead, 467 
from matte, 400 
from speiss, 388 

F 

Faber du Faur retorting furnace, 567 
Fan blowers, 243 
Federal, HI., ore-heartb, iii 
Feed-floor, blast furnace, dust-proof, 287 
-openings, blast furnace, 226 
Feeding blast furnace, 226 

East Helena system, 362 
mechanical, 357 
Pueblo system, 358 
-down, blast furnace, 376 
Feld gas-washer, 460 
Ferrite of lead, 36 

Ferro-calcic silicates, formation temperatures 

307 

Filtering-bags, suspension, 423, 445, 456, 457 
fume, Bartlett process, 13 1 
plant, Galetta, Ont., 113 
Hi., Kans., Mo., no 
Joplin, 120 
Midvale, 450 
Murray, 442 

surface, baghouse, 132, 444, 4Si> 4SS 
Filtration, converter fume, Maurer, 413 
Omaha, 413 
Tooele, 422 
fume, 440 

Fine ore, behavior in blast furnace, 374 
Flach process, smelting zinc crust, 566 
Flat River, Mo., smelting in reverberatory 
furnace, 84 

Flechner, working sows, 426 
Flintshire furnace, 83 

Florence, Colo., modified Bartlett process, 

13s 

Flow of litharge, cupellation, 597, 614 

-sheet. International Lead Refining Co., 
508 

Parkes process, 503 
Tredinnick-Newnam process, 488 
Flue-dust, 427 

Bartlett process, 131 
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Flue-dust, blast furnace, 427 
roasting, 465 
briquetting, 461 
burning briquettes, 462 
collection, 427 

cupellation, composition, 599, 615 
fusing briquettes, 464 
hand-roasting furnace, 148 
Lewis and Bartlett process, 121 
ore-hearth, no, 117 
retorting zinc crust, 579 
reverberatory smelting, 69 
roasting, 148, 164 
smelting briquettes, 461 
softening lead bullion, 527 
treatment, 460 
wetting, 461 
Fluoride of lead, 39 
Fluorspar, eutectic melting point, 70 
flux in smelting, 85, 322 
Fluosilicate of lead, 40 
Fluxes, action, blast furnace, 315 
handling, blast furnace, 245 
Fluxing power, litharge, 35 
Fore-hearth, Colorado Iron Works, 264 
separation matte and slag, 262 
tapping matte, 369 

Foreign matter, influence, Betts process, 619 
cupellation process, 591 
Pattinson process, 471 
Parkes process, 49s 
smelting, blast furnace, 323 
ore-hearth, 97 
reverberatory furnace, 70 
Formation temperatures, ferro-calcic silicates, 

307 

Foundation, blast furnace, 210 
Frazer & Chalmers, test-ring support, 610 
Freezing-point curves, see Alloy-series, 
slags, 308 

Freiberg, concentration of matte in reverbera- 
tory furnace, 406 
Freudenberg plates, 436 
treatment of speiss, 389 
Freudenberg plates, 436, 439 
Fuel, blast furnace, 299 

consumption, blastfurnace, 219, 221 
Dwight-Lloyd furnace, 200 
Godfrey furnace, 169 
hand-roasting furnace, 148 
Holthoff furnace, 171 
ore-hearth, 116 
Parkes process, 565 
refining desilverized lead, 553 


Fuel consumption, retorting furnace, 578 
reverberatory smelting, 94 
softening lead bullion, 527 
Wedge furnace, 174—176 
zinc desilverization, 565 
gaseous, blast furnace, 304 
roasting furnace, 147 
handling, blast furnace, 245 
liquid, blast furnace, 304 
weight, blast furnace, 304 
Fume and dust, distinction, 427 
Fume, blast furnace, 427 
condensation, 430 
electric condensation, 457 
filtration, 440 
ore-hearth, 117 

removal from blast furnace building, 286 
Furnace, Brunton, 164 

cleanings and refuse, 426 
cupelling, 594, 602 
English cupelling, 602 
floor, work on, 369 
German cupelling, 594 
liquating, 542 
Plattner cupelling, 594. 
refining lead, 551 

reverberatory, matte concentration, 405 
roasting, 141 
Godfrey, 165 
Holthoff, 170 
mechanical, 142 
Wedge, 171 

softening lead bullion, siS 
Fuse-box, reverberatory roasting furnace, 150 
Fusibility, lead, 9 
oxide, 34 
silicates, 37 
slags, 31 1 

Fusion, flue-dust, 464 

G 

Galena, 49 

associated minerals, 51 
Kans., ore-hearth, in 
see Lead sulphide, 
use in softening lead bullion, 517 
Galetta, Ont., Newnam ore- hearth, 113 
Garfield, Cottrell process, converter fume, 416 
Gas, blast furnace, 342, 343 

current, velodty, settling dust, 434 
flue, sheet-iron, Omaha, Tooele, 432 
solubility in lead, 9 
-vent, bustle-pipe, blast furnace, 244 
-withdrawal, blast furnace, 226 
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Gaseous fuel, blast furnace, 304 
roasting furnace, 147 
Gauge, blast pressure, 245 
General reduction process, blast furnace, 136 
German cupellation, 594 

vs. English cupellation, 618 
Glenn filter-charge, 357 
Globe works, baghouse, 456 
Godfrey furnace, 165 
Gold, Betts process, 620 
-crust; S3r 
cupellation, 593 
in hearth bottom, 527 
in lead bullion, distribution, 382 
in lead ores, 51 
in matte, 399 
in speiss, 386 
-lead, 17 

Parkes process, 497 
Pattinson process, 469 
3deld in Parkes process, 388 
-zinc, Parkes process, 531 
Goodale-Klepinger, settling dust, 434> 438 
Grades of lead, 13 
Granby, Mo., ore-hearth, 113 
Granulation, matte, 273 
slag, 2S3 
speiss, 391 

Graphite retort, zinc crust, 569 
Gray slag, 1x5 
Gypsum, blast roasting, 187 
lead slag, 323 

H 

Haas, blast roasting pot, 186 
Hall process, 140 

Hanauer Works, slag granulation, 283 
Handling lead, blast furnace, 255 
rnatte, blast furnace, 269 
matte and slag, blast furnace, 258 
ores, fluxes, fuels, blast furnace, 245 
slag, blast furnace, 278 
Hand-roasting reverberatory furnace, 145 
level hearth, 145 
products, 154 
sinter hearth, 154 
slagging hearth, r5o 
as. mechanical roasting furnaces, 142 
-stirring zinc, Parkes process, 545 
Hardening effects, metals on lead, 24 
Hard lead, 583 

liquating and imBog, 583 
softening, 514 
Hardness, lead, 8 


Heap roasting, 142 
Hearth accretions, 426 

indications of, 375 
blastfurnace, 232 

-bottom, roasting and reaction process, 

69 

-material, English cupel, 612 
Heat, loss by building materials, 431 
Heats of formation, ferro-calcic silicates, 312 
Heberlein process, agglomeration of oxides, 
187 

bringing forward matte, 407 
Height, blast furnace, 213 
Herculaneum, blast roasting matte, 402 
charging car, 365 
furnace-top, 365 
granulating matte, 277 
History, lead, i 
Hixon, slag granulation, 285 
Hoboken-les-Anvers, Heberlein process, 
bringing forward matte, 407 
Holthoff furnace, 1 70 

water-jacket, blast furnace, 238 
Holywell, England, smelting in reverberatory 
furnace, 83 

Horizontal section, blast furnace, 2x3 

table-machine, Dwight-Lloyd process, 
191 

Hot blast, blast furnace, 243 
Howard, alloy press, 543 
skimmer, 556 

zinc-stirring machine and cover, 547 
Howe Scale Co., charging machine, Parkes 
process, 5x3 

Humboldt, Ariz., granulating matte, 2 74 
Hunt car, mechanical bedding of ores, 359 
Huntington-Heberlein and Dwight-Lloyd 
processes, 206 
process, i57> i77 

treatment of speiss, 39 x 
rough-roasting furnace, 164 
Hydrochloric acid, lead, ii 
Hydrofluoric acid, Betts process, 6x9 
lead, 12 

I 

Idaho lead ores, 59 

Improved caldiode casting-machine, Betts 
process, 623 

Impurities, distribution, lead bullion, 380 
effects on lead, 15 

, hearth, j^ocretiofisj bfajst furnare. 
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Indium-lead, 23 
Industrial alloys, lead, 24 
Intermediary crystals, Pattinson process, 471 
products, cupellation, 593, 617 
Parkes process, 579 

International Lead Refining Co., flow-sheet 
Parkes process, 50S 
plant, Parkes process, 507 
- Smelting Co., blast furnace, 208, 210 
ore-handling, 251 
Iodide of lead, 39 
Iridium-lead, 23 

Iron, action on lead sulphide, 44 
available for fluxing, 333 
Betts process, 619 
disulphide, roasting, 138 
flux, lead slags, 315 
-lead, 21 

monosulphide, roasting, 138 
oxide, action on lead oxide, 35, 36 
ring, use in ladling hard lead, 584 
Irregular descent blast furnace charge, 372 
Irregularities, blast furnace, 371 

J 

Jacket, see Water-jacket. 

Jenks, rich gold crust, 529 
Joplin, Mo., ore-hearth, 113 

K 

Karsten, zinc desilverization, 495 
Keith, electrolysis lead bullion, 468 
Keller, mechanical roasting furnace, 142 
Kelley, blast roasting box, 186 
Kettle book, Parkes process, 589 
breaking-up of, 551 
dross, mold, 379 
treatment, 584 
for desilverizing, 536 
for liquating zinc crust, 542 
for refining lead, 553 
Kilker matte car, 271 
Kna pp-Kunze process, 186 

L 

Ladling hard lead, 580 
l^iatent heat of fusion, lead, 10 
iLautenthal, steaming zincky lead, 553 
Leaching lead ores, 66 
Lead-aluminum. 22 


Lead-antimony, 19 

industrial alloys, 26 
-tin, 30 
-arsenic, 20 

industrial alloys, 33 
Betts process, 619 
bibliography, 6 
-bismuth, 17 

industrial alloys, 33 
borates, 38 
bromide, 39 
bullion, 13, 379 

charging, Parkes process, 5x4 
desilverization, 467 
drossing, 515 
electrolysis, 46S, 619 
receisdng, Parkes process, 512 
sampling, 383 
softening, 502, 514 

behavior of antimony, 514, 526 
of arsenic, 514, 525 
of copper, 514, 518 
of sulphur, 5x8 
of tellurium, 517 
of tin, 514, 525 
-cadmium, 18 

industrial alloys, 33 
-calcium, 23 
carbonate, 34, 36 

-charging method, blast furnace, 356 

chloride, 38 

-chromium, 23 

-cobalt, 20 

compounds, 34 

content charge, blast furnace, 306 
-copper, IS 

matte, converting, 407 
-silver, 17 

decopperization by liquation, 514 
by zinc, 531 

dezincking, see Refining, 
ferrite, 36 
fluoride, 39 
fluosilicate, 40 
preparation, 620 
fume, composition, 640 
converting, 413, 422 
-gold, 17 

grades, commercial, 13 
handling, blast ftimace, 255 
history, i 

impurities and effect^, 15 
-indium, 23 
in flue-dust, 430 
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Lead, iodide, 39 
-iridium, 23 
-iron, 21 

loss, see Loss of metal. 

-magnesium, 23, 24 
industrial alloys, 33 
-manganese, 22 
-mercury, 23 
minerals, 49 
-minor metals, 23 
molds, 379 j 559 
-nickel, 20 

industrial alloys, 33 
of commerce, 13 
ore, Engis, Belgium, 74 
-kearth, 115 
ores, 49 

Atlantic Coast, 53 
carbonate, 52 

metaEurgical treatment, 66 
Mississippi Valley, 54 
Pacific Coast, 58 
Rocky Mountains, 55 
sulphide, 49 
United States, 53 
-osmium, 23 
oxidation in air, 11 
03 dde, 34 

-copper oxide, 35 
-palladium, 23 

percentage in. blast furnace charge, 331 
-phosphorus, 23 
physical properties, 7 
-platinum, 23 
poisoning, 637 
Tamowitz, 89 
poling, 257 
-potassium, 23 
price, 5 

primary, grades, 5 
pump, the Miller, 541 • 

the Roesing, 541 
properties, 7 

reactions with sulphide, 47 
refined, molding, 558 
removal from blast furnace, 369 
-rhodium, 23 
-ruthenium, 23 
-silver ores, purchase, 60 
siphon, the Steitz, 540 
slags, action of fluxes, 315 
alumina as flux, 319 
color, 314 
crystallization, 313 


Lead slags, diaphaneity, 314 
effect of barite, 323 
of blende, 325 
of gypsum, 323 
of zinc oxide, 326 
fluorspar as flux, 322 
fusibility, 311 
heats of formation, 312 
iron as flux, 315 
lime as flux, 317 
liquidity, 31 1 
luster, 314 

magnesia as flux, 319 
magnetism, 314 
manganese as flux, 316 
melting points, 312 
physical properties, 313 
specific gravity, 314 
heat, 312 
tenacity, 314 

thermochemical properties, 307 
thermophysical properties, 311 
typical, 316, 3 II 
selenide, 40 
-selenium, 23 
silicates, 37 
-silicon, 23 
-silver, 16 

smelting, blast furnace, 136 
effect of arsenic, 329 
of antimony, 329 
of chalcopyrite, 328 
of pyrite, 328 
ore-hearth, 96 
reverberatory furnace, 67 
solvents, xi 
speiss, see Speiss. 
statistics, 4 

steaming in kettle, 553 

in reverberatory furnace, 552 
-sodium, 23 
sulphate, 45 

decomposition by heat, 4.5 
by iron oxide, 46 
by silica, 46 

reaction with sulphide, 47 
reduction by carbon, carbon monox- 
ide, 47 
sulphide, 41 

decomposition by metals, 44 
reactions with oxide and sulphate, 47 
roasting, 42, 138 
-tantalum, 23 
-tap, blast furnace, 232 
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Lead, telluride,'4o 
-tellurium, 23 
-tin, 18 

industrial alloys, 28 
uses, 6 

well, clogging of, 376 
yield of, see Yield. 

-zinc, 21 

Leak, water-jacket, 236 
Length, blast furnace, 222 
Lewis-Bartlett process, 12 1 
Life, kettle, Parkes process, 537, 557 
retort, distillation zinc crust, 578 
Lime, binder for briquettes, 461 
-feeder, Sprague process, 453 
flux, lead slag, 317 
roasting, 157 

use of burnt, in blast furnace, 318 
reverberatory smelting, 84 
softening furnace, 526 
wall accretions, 374 

Limestone-clay, hearth material, cupel, 596, 
612 

Limitations, smelting, ore-hearth, 96 
reverberatory furnace, 69 
Liquating apparatus, zinc crust, 542 
kettle, zinc crust, 542 
Liquation, zinc crust, 542 
Liquid fuel, blast furnace, 304 
Liquidity, lead slags, 311 
Litharge, 34 

composition, 599 
flow from cupel, 598, 615 
gold-content, 593 
silver-content, 593, 617 
treatment, 588 

Lithophone, manufacture, 587 
Livingstone, use of Devereux pot, Denver, 
263 

Lone Elm works, Joplin, Mo., plan, 119 
Loss, metal, Betts process, 636 
blast furnace, 465, 466 
converting matte, 424 
cupellation, 600, 618 
Dwight-Lloyd sintering machine, 202 
Luce-Rozan process, 472 
ore-hearth, 114, 121 
Parkes process, 565, 588 
reverberatoiy roasting, 144 
smelting, 94 

heat, building material, 431 
Luce-Rozan process, 472 
Eureka, 480 
PBbram, 473 


Luster, lead, 7 
slags, 314 

Lynch test-support, 610 
M 

Mac Arthur granulating trough, 274, 284 
Magnesia, flux in lead slags, 319 
Magnesite brick, hearth material, cupel, 613 
Magnesium-lead, 23, 24 
Magnetic oxide of iron, in matte, 392 
Magnetism, lead slags, 314 
Malleability, lead, 8 
Manganese, flux in lead slags, 316 
-lead, 22 

sulphide, roasting, 140 
Marcasite, roasting, 138 
Marker, Dwight-Lloyd machine, 196 
Marl, composition, 596 
Massicot, 34 

Matching, in ore-bedding, 247 
Mathewson, tuyere-nozzle, water-cooled, 
222 

Matte, 392 

addition to clean slag, 424 
car, Kilker, 271 
collector precious metal, 399 
concentration smelting, blast furnace, 
402 

reverberatory furnace, 405 
converting, Maurer and Omaha, 409 
Tooele, 419 
electrolysis, 401 
granulation, 273 

handling, blast furnace, 258, 269 
melting dross, 516 
mold, Rhodes, 273 
Richards, 269 
nickel-cobalt, 400 
oxygen-content, 392 
photomicrographs, 399 
roasting, blast roasting, 401 
separation from slag, 259 
slags, 405 
tapping, 369 
treatment, 400 

Maurer, converting matte, 409 
Mechanical feeding, blast furnace, 357 
roasting furnaces, 142, 164-177 
stirring zinc, Parkes process, 547 
Mdlting point, lead, 9 
slag, 312 

Method, algebraic, calculation blast furnace 
charge, 331 
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Method, proportions, calculation blast 
furnace charge, 336 
of smelting, classification, 66 
of working, distillation zinc crust, 573 
softening furnace, 523 
sse also Mode of operating. 
see also Operation. 

Melting, bullion samples, 384 
point, galena, 41 
lead, 9 
litharge, 34 

points, alloys, see Alloy series, 
lead slags, 312 

Merchant kettle, refined lead, 5^3 
Mercury-lead, 23 
Messiter, tapping hood, 288 
tuyere, 241 

Metallurgical treatment lead ores, 66 
Metals, behavior Betts process, 6x9 
zinc desEverization, 495 
distribution in lead, 380 
hardening effects on lead, 24 
Midvale, bag filtration, 449 
charging car, 366 
reverse-current bag house, 449 
spreader, mechanical feeding blast fur- 
nace, 365 

Miller, anode-casting machine, Betts process, 

622 

cathode-casting machine, Betts process, 

623 

lead-casting machine, 564 
pump, S4I 
Mimetite, 53 

Mineral press, Chisholm, Boyd & White, 462 

Minerals, lead, 49 

Minor metals, lead, 23 

Mississippi vaUey lead ores, 54 

Missouri lead ores, 54 

Mode of operating, English cupelling furnace, 
614 

German cupelling furnace, 596 
ore-hearth, 107 
slag-eye furnace, 125 
zincking, Parkes process, 545 
see also Method working. 
see also Operation. 

Modem AmBcicaai water-back ore-hearth, 
103 

Moffet ore-hearth, loi 
Molasses, binder for baqa^tes, 464 
Mcdd, kettle dross, 379 
jcefimed laid, SS9 
zinc crust, 550 


Molding lead, from storage kettle, 563 

from storage reverberatory furnace, 
559 

M'iller casting machine, 564 
refined lead, 558 
reverberatory furnace, 558, 560 
Mond Nickel Works, slag granulation, 285 
Monier flue, cooling gas, 43 1 
Montana lead ores, 57 
Murray bag filtration, 442 


National S. & R. Co., desilverizing kettle, 
30-ton, S3 7 
plant, 504 

softening furnace, 519 
Natural gas, blast furnace, 304 
Neutral ore, definition, 64 
Nevada lead ores, 58 
Newark, Balbach S. & R. Co., 509 
Cottrell process, 458 
New England .lead ores, 53 
New Mexico lead ores, 57 
New York lead ores, 53 
Newnam, mechanical ore-hearth, 104 
Galetta, 113 

-Tredinnick process, 481 
Nickel, Betts process, 619 
-lead, 20 
matte, 400 
Parkes process, 500 
Pattinson process, 470 
speiss, 38s 

Niter, refining silver, 615 
Nitric acid, lead, i-i 

Non-argentiferous lead ores, purchase, 65 
Northport S. & R. Co., blast furnace, 2x0, 
214-216 

charging car, 367 
feeding blast furnace, 366 
Norton spreader, mechanical feeding blast 
furnace, 369 

O 

O’Hara, mechanical roasting furnace, 142 
Oil, fuel, blast furnace, 304 

concentrating matte, 406 
cupelling, 605 

Dwight-Lloyd sintering machine, 196 
refining furnace, SS3 
Tetorling furnace, 569 
x>asting fuiriace, 147, ti6|^ 471,^ *: 

softening furnace,, 523 
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Oil-burner, Billow, 571 
Oker, treatment of speiss, 389 
Old retorts, disposal, 588 
Omaha, bag house, converter fume, 413 
converting matte, 409 
Opening darkened tuyere, 374 
Open-top blast furnace, 226 
Operation, converting matte, Tooele, 419 
Maurer, 41 1 

Tredinnick-Newnam process, 492 
Ore-bed, blast furnace, 246 

-bedding, Dwight-Messiter system, 247 
-fines, trickling through blast furnace, 
374- 

-hearth, air-cooled, 99 

American water-back, loi 
blue powder, 117 

comparison reverberatory furnace, 97 

Collinsville, 111., in 

Eagle-Picher, 100 

Federal, 111., in 

fume collection, no 

Galena, Kans., in 

Granby, Mo., 113 

influence foreign matter, 97 

Joplin, Mo., 113 

mechanical, Newnam, 104 

mode of operation, 107 

modern American water-back, 103 

Moffet, loi 

products, character and disposal, 
IIS 

Rossie, 99 
Scotch, 98 

smelting lead ore, 96 
table of results, 116 
treatment of slags, 115 
Webb City, Mo., 113 
basic, neutral, siliceous, 49 
blast roasting, 156 
carbonate, 49 

handling, blast furnace, 245 
lead, 49 

non-roasting, 149 
roasting, 49 
size, blast furnace, 35S 
blast roasting, 162 
ore-hearth, 96 
reverberatory smelting, 68 
roasting, 143 
sulphide, 49 
Organ-pipes, 28, 30 
Original Pattinson process, 471 
Osmium-lead, 23 
42 


Outline, Betts process, 619 
Luce-Rozan process, 476 
Parkes process, 502 
Pattinson process, 471 
roasting and reaction process, 67 
Tredinnick process, 481 
Ov^erfire, blast furnace, 357, 372 
Overflow slag-pot, 261 
Oxidation in air, lead, 1 1 
Oxide of lead, see Lead oxide. 

Oxides, steaming zincky lead, 5 53 
Oxidizing effect, litharge, 36 

magnetic oxide of iron, 466 
manganese oxides, 316 
Oxygen, excess in Bartlett white paint, 134 
presence in matte, 392 
torch, tapping blast furnace, 369 


Pacific Coast, lead ores, 58 
Palladium-lead, 23 

Parkes process, 498 
Parkes process, 494 
cost, 588 

desilverizing kettles, 536 
distillation zinc crust, 566 
flow-sheet, 503 
fuel, 565 
gold-zinc, 531 
intermediary products, 579 
labor, 565 
molding lead, 558 
outline, 502 
plant, 504 

quality of spelter, 500 
receiving lead bullion, 512 
refining desilv^erized lead, 551 
results, 588 
silver-zinc, 531 
softening lead bullion, 514 
stirring-in zinc, 545 
theory, 495 

treatment refining skimmings and pol- 
ings, 584 

yield in metal, 565 
zinc recovered, 577 
required, 529 
vs. Betts process, 636 
vs. cupellation process, 467 
Pattinson process, 467, 590 
Pattinson process, 468 
original, 471 
-Parkes process, 590 
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Payment, argentiferous ores, 6o 
non-argentiferous ores, 65 
Pearce, mechanical roasting furnace, 142 
Peirce-Smith, converter, lead-copper matte, 
409 

Pewter, 28, 30 

Pfort curtain, blast furnace, 229 
Phosphorus-lead, 23 
Photomicrographs, matte, 399 
Physical properties, lead, 7 
slags, 313 
Piltz furnace, 207 
Plant, Balbach S. & R. Co., 509 
Betts process, 627 
blast furnace, 290 
Dwight-Lloyd process, 194, 203 
Huntington-Heberlein process, 180, 181 
International Lead Refining Co., Parkes, 
S07 

Lewis-Bartlett process, 121 
National S. &R. Co., Parkes, 504 
Parkes process, 504 
Selby S. & L. Co., Parkes, 505 
Tredinnick process, 48 5 
Plate-feeder, Dwight-Lloyd machine, 195 
Platform-method, blowing-in blast furnace, 
355 

Platinum, Parkes process, 498 
-lead, 23 

Plattner, cupelling furnace, 594 
tin skimming, treatment, 584 
Plumbates, 36 
Plumbites, 36 
Poisoning, lead, 637 
Poling, lead, 257 

Polings, refining kettle, treatment, 584 
Portland cement, hearth material, cupel, 613 
Potassium-lead, 23 
Pot roasting, 158 

Precious metal, matte as collector, 399 
Precipitation process, 45 
blast furnace, 136 
reverberatory furnace, 67 
Pressure blast, blast furnace, 245 
cupelling furnace, 598, 614 
Pribram, German cupelling furnace, 595 
Luce-Rozan process, 473 
Price of lead, 5 

Principles, make-up, blast roasting charges,, 
160 

Process, air-reduction, 47 
Betts, 619 

Carmichael-Bradford, 158^ 187 
converting matte, 407 : • ; 


Process, Cottrell, electric precipitation, fume, 
41S, 457, 458 
cupellation, 591 

Divine, refining skimmings, 386 
Dwight-Lloyd, 158, 190 
electrolysis lead bullion, 468, 619 
F. L. Bartlett, mixed sulphides. 128 
general reduction, blast furnace, 137 
Hall, roasting, 140 
Heberlein, agglomerating oxides, 187 
bringing forward matte, 407 
Huntington-Heberlein, 157, 177 
Knapp- Kunze, 186 
Lewis-Bartlett, or sublimed-lead, 12 1 
Luce-Rozan, 472 
Pribram, 473 
matte conversion, 407 
McMurtry-Rogers, 186 
ore-hearth, 97 
Parkes, 494 
Pattinson, 468 
precipitation, 45, 67, 136 
roasting and reaction, 47 
reduction, 136 

Roderbourg, dezincking lead, 558 
Roessler-Edelmann, 496 
Savelsberg, 158, 188 
Schnabel, treatment refining oxides, 566 
Sprague, 453 
Steam-Pattinson, 472 
Taverner, 67 
Thum, 494 
Tredinnick, 470, 481 
Production, lead, 4 
Products, blast furnace, 379 
cupellation, 599, 617 
handling for blast furnace, 207 
intermediary, Parkes process, 579 
ore-hearth, 115 

reverberatory roasting furnace, 154 
smelting furnace, 68 
Properties, chemical, lead, 1 1 
physical, lead, 7 
lead slags, 331 

thermocbemical, lead slags, 307 
tbermopbysical, lead slags, 31 1 
Pueblo, lead-refining kettle, 555 

system mechanical feeding blast furnace, 

358 

Purchasing, argentiferous lead ores, 60 
non-argentiferous lead ores, 65 
Pyrite, roasting, 138 

decomposition, 70, 138 
lead sinpltlni,! 328 ; ; 
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Pyromorphite, 53 
Pyrrhotite, roasting, 138 

E. 

Raibl, Carinthia, reverberatory smelting, 72 
Raritan, Cottrell process, 458 
Raschette furnace, 207 
Raw materials, handling, blast furnace, 207 
Receiving lead bullion, 512 
Record, blast furnace, 377 
baghouse, 449 
Parkes process, 588 

Recovery metal, bag filtration, Murray, 447 
flue-dust and fume, 430 
Reducing agents, blast furnace, 339 
Refined lead, molding, 558 

yield, Luce-Rozan process, 476 
Parkes process, 565 
Refining, crude silver, 600 

desilverized lead, 502, 551 
furnace, raw fume, Bartlett process, 133 
molding lead, 558 
Parkes process, 522 
kettle, 553 
oxides, 553 

raw fume, Bartlett process, 133 
silver, with niter, 615 
skimmings and polings, 551, 584 
zinc-bearing Ifead, 502, 551 
Remedies, lead poisoning, 638 
Removal, dust and fume, blast furnace, 286 
zinc crust, Parkes process, temperature, 
549 

Repair, cast-iron jackets, 236 
Results, Betts process, 621 

blast roasting, Dwight-Lloyd process, 200 
Huntington-Heberlein process, 188 
cupellation process, 600, 617 
desilverization, Parkes process, 565, 588 
distillation zinc crust, 577 
roasting, Godfrey furnace, 169 

hand reverberatory furnace, 149, 153, 

154 

Holthoff furnace, 171 
‘Wedge furnace, 174 
smelting, blast furnace, 46 5 
ore-hearth, 116 
reverberatory furnace, 93, 94 
Luce-Rozan process, 475, 476 
i Parkes process, 588 

refining desilverized lead, 552 
Softening lead bullion, 527 
itardation, gas current, settling dust, 434 


Retort, bullion and dross, 575 

distillation zinc crust, life, 578 
dross, blue powder, treatment, 587 
Retorting furnace, Faber du Faur, 567 
Reverberatory furnace, liq nation zinc crust, 
543 

matte concentration, 405 
refining desilverized lead, 551 
roasting, 143 

roasting and reaction process, 67 
settling matte, 265 
smelting ore, 67 

treatment antimony skimming, 581 
refining skimming, 585 
vs. ore-hearth, 97 

hand-roasting furnace, level hearth, 145 
products, 154 
sinter hearth, 1 54 
slagging hearth, 150 
smelting furnace, methods, 71, 92 
Reverse-current bag house, 449 
Tooele, 422 

Rhodes, handling retort bullion and dross, 577 
matte mold, 273 
test support, 61 1 
Rhodium-lead, 23 
Richard, hood, blast roasting, 184 
Richards, matte mold, 269 
Richmond, Nev., Luce-Rozan process, 4S0 
Roasting and reaction process, 47, 67 
and reduction process, 136 
chalcopyrite, 139 
cupric sulphide, 139 
cuprous sulphide, 13S 
furnace, 141 

reverberatory, 173 
general, 140 
iron disulphide, 138 
monosulphide, 138 
lead sulphide, 42, 138 
matte, 401 

metallic sulphides, reverberatory fur-, 
nace, 143 

silver sulphide, 140 
speiss, 390 
when necessary, 140 
zinc sulphide, 139 
Robinson, roaster box, 186 
slag-escape tuy&re, 242 
Rocky Mountain lead ores, 55 
Roderbourg process, dezincking lead, 558 
Roesing, converting lead bullion, 467 
lead pump, 541 

retorting zinc crust, improved, 577 
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Roesing, wire-system, settling dust, 437 
Rcessler, reffning crude silver, 600 
use of gas, dezincking lead, 557 
zinc desilverization, addition of alumin- 
um, 496 

Roots, blower, 243 

Ropp, mecbanical roasting furnace, 142 
Rossie ore-keartli, 99 

Rules against lead-poisoning, 639 ^ 

Ruthenium-lead, 23 

S 

Salt cake, use, waU accretions, 374 
Sample, bar, lead bullion, 383 

desilverized lead after refining, 552 
lead bullion after dressing, 514 
after softening, 518 
Sampling, fine silver, 617 
lead bullion, 383 
waste slag, 424 
Savelsberg, process, 158, 188 
water, steaming lead, 556 
Sawing, sampling lead, 387 
Schnabel process, treatment refining oxides, 
566 

Scorifying effect, litharge, 35 
Scotch ore-hearth, 98 

Season of year, fuel requirement, blast fur- 
nace, 306 

Selby Smelting &Lead Co., blast furnace, 231 
handling matte, 270 
Parkes plant, 505 
softening furnace, 521 
Selenide of lead, 40 
Selenium, Betts process, 620 
-lead, 23 

Separation, matte and slag, 259 
Sesqui-silicates, formation temperatures, 
308 

Settling dust, retardation gas current, 434 

Shaft, blast furnace, 213 

Shaking filter bags, Tooele, 423 

Sheet iron, building material, cooling flue, 

431 

supported gas-flue, Tooele, 432 
suspended gas-flue, Omaha, 432 * 

Shot, 33 

Side-fed blast furnace, 228 
Silesian method, smelting reverberatory fur- 
nace, 86 

Silica, roasting and reaction process, 69 ' 

Silicates of lead, 37 
Silicon-lead, 23 


Silver, Betts process, 620 

concentration, lead and retort bullion, 
550 

-copper-lead, 17 
corroding-Iead, 16 
crust, 530, 531 
cupelling process, 593 
distribution in lead, 381 
flue-dust, 430 
fume, 13 1, 440, 441 
-lead, 16 

bullion and dross, 382 
ores, 51 

purchase, 60 

smelting works, American, 137 
-loss, blast furnace, 466 
Betts process, 636 
converting, 408, 424 
cupelling, 600 

Dwight-Lloyd machine, Tooele, 202 
Luce-Rozan process, 476 
Parkes process, 588 
roasting reverberatory furnace, 144 
smelting reverberatory furnace, 94 
matte, 399 
Parkes process, 496 
Pattinson process, 46S 
pure, for gold assay, 616 
sulphate, refining silver, 601 
sulphide, roasting, 140 ’ 

-zinc, Parkes process, 531 
Singulo-silicates, formation temperatures, 307 
Sinter hearth, reverberatory hand-roasting 
furnace, 154 

Siphon tap, the Arents, 20S, 232, 234 
Siphon, the Steitz, S4o 
Site, blast furnace plant, 245 
Size, charge, blast furnace, 330 
of ore, blast roasting, 162 
ore-hearth, g6 
roasting, 143 

smelting, blast furnace, 357 
reverberatory, 68 

Skimmer, Howard, removal of oxides, 556 
Skimming, refining furnace, amount, 553 
and kettle, treatment, 584 
softening furnace, treatment, 579 
Slag, addition to blast furnace charge, 322 
Bartlett process, 13 1 
-car, 278 

desilverization, 424 
dump,, 3 70 
ffloresoenpes, 424 
scape, D avi s, 240 
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Slag-escape, Robinson, 242 
-eye furnace, r 23 
-granulation, 283 
handling, 258, 278 
lead, Carinthia, 74 
pot, hand drawn, 260 
roasting, 46 
sampling, 424 
separation from matte, 259 
tap, blast furnace, 237 
tapping, blast furnace, 368 
types, blast furnace, 3 10 
Slagging-hearth, hand reverberatory roasting 
furnace, 150 

ore, hand reverberatory roasting furnace, 
. 148 

Smelting, briquettes, 461 

dross and skimming, 579 
lead ore, blast furnace, 136 
ore-hearth, 96 
reverberatory furnace, 67 
operations, blast furnace, 351 
roasted matte, 402, 405 
sintered ore, Bartlett process, 129 
works, American, 137 
Smith, repairing basic converter, 410 
Sodium-lead, 23 

sulphate, blast furnace, 3 74 
Softened lead bullion, Parkes process, 528 
Softening dross and skimming, treatment, 579 
furnace, 518 

method of working, 523 
lead bullion, 502, 514 
Soft lead, 13 1, 379 
Solder, 28, 30 

Solenoid, bag-shaking device, 448 
Solubility, lead, ii 

and compounds, 638 
oxide, 36 
Solvents, lead, ii 
Sows, 426 

Specific gravity, lead, 7 
slags, 314 
heat, lead, 10 
slags, 312 

resistance, lead, 10 
Speiss, 385 

antimonial, 582 
blast roasting, 391 
converting, 391 
roa-sting, 390 
treatment, 388 

Spelter, quality, Parkes process, 500 
''Sprague’'i»|o,<xss, 453 


Stage jewelry, 28, 30 

Stationary anode mold, Betts process, 622 
Statistics, lead, 4 
Steam, action, zincky lead, 546 
Steam- Pattinson process, 472 

-stirring, zinc, Parkes process, 546 
use, refining zincky lead, kettle, 553 
reverberatory furnace, 552 
Steel vs. brick shaft, blast furnace, 225 
cast-iron kettles, Parkes process, 537 
water-jackets, blast furnace, 237 
Steitz-Eilers, water-jacket, blast furnace, 236 
Steitz lead-siphon, 540 
Steitz water- jacketed cupel test, 608 
Stewart, grate, Dwight-Lloyd machine, 198 
Stiperstones, smelting lead ore, reverberatory 
furnace, 77 

Stirring in, zinc, Parkes process, 545 
St. Joseph Lead Co., furnace-top, 365 
St. Louis S. & R. Co., plant, sublimed-lead 
process, 121 
Stolzite, 53 

Storage kettle, refined lead, 563 

reverberatory furnace, refined lead, 559 
Straight-line machine, Dwight-Lloyd, 191 
Sublimed-lead pigment, composition, 126 
process, i2r 

Sulphate, metallic, hardening agent, flue- 
dust, 461 

Sulphate of lead, 45 
Sulphide of lead, 41 
ores, 49 

Sulphur, distribution in lead, 380 
softening lead bullion, 514, 51S 
Sulphuric acid, lead, 11 
Sulphurous acid, lead, ii 
Sulphur trioxide, converter gas, 414 
Suspension, filter bags, 423, 445, 436, 457 
plates, right angles to gas current, 435 
parallel to gas current, 436 
wires in flues, settling dust, 437 
Systems of crystallization, Pattinson process, 
470 

T 

Table, analyses commercial lead, 14 
assay record, blast furnace, 3 78 
bismuth, Pattinson process, 470 
blast furnace record, 378 

smelting power, H-H and D.-L. prod- 
ucts, 207 

blowing-in charges, 355, 356 
Carinthian lead, 74 
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Table, changes galena, reverberatory smelt- 
ing, 84 

coal and coke, blast furnace, 303 
collection ore-hearth fume, 1 10 
comparison cupellation, Pattinson and 
Parkes processes, 467 
concentration, silver in Luce-Rozan 
process, 476, 48X 
Connersville blower, 244 
cost reverberatory smelting, Desloge, 
Mo., 86 

decopperization;.jpad, Pattinson process, 
48 1 

Parkes process, 531 • 
distribution, lead and silver, Luce-Rozan 
products, 476 

blast furnace charge and fume, 447 
Dwight-Lloyd straight-line sintering 
machine, 200 

formation temperatures,, ferro-calcic bi- 
silicates, 309 
sesqui-silicates, 309 
singulo-silicates, 30S 
Godfrey furnace, 169 
grades primary lead, U. S., 5 
hardening effects, some metals on lead, 
24 

Huntington- Heberlein process, 183 
Idaho ores, 59, 60 
Industrial lead alloys, 25 
lead ores, Raibl, Carinthia, 72 
Parkes desilverizing plants, U. S., 495 
process, zinc additions, 532-536 
payment lead ores, basis quotation, 62 
residue reverberatory furnace, Engis, 75 
reverberatory hand-roasting furnace, 149 
Roots blower, 243 

Schedule reverberatory smelting, Des- 
loge, Mo., 85 

scorifying effect, litharge, 35 
screen analysis ore mixture, D.-L. ma- 
chine, Tooele, 201 

and chemical analyses, grizzlie fines, 
D.-L. machine, Tooele, 202 
silver-assays, leads, Luce-Rozan process, 
476, 480 

-lead smdting works, America, 137 
smelting lead ore in blast , furmice, 218- 

ore-hearth, 116 
reverberatory furnace, 93, 94 
solubilities, mutual, and zinc, 22 
Tredinnlck process, isiscr^Mtse in Hs^ 

484, 48s 


Table, types of lead slags, 310, 

United States, production primary lead, 
5 

valuation, silver-lead ore, 65 
world’s production of lead, 4 
zinc additions, Parkes process, 532-53,.^ 
Tamping-irons, 596 
Tantalum-lead, 23 
Tapping, blast furnace, 368 

hood, Messiter, blast furnace, 2 ;,r 

Tarnowitz, Silesia, reverberatory smej . • 
water-cooling gases, 434 
Taverner process, 67 
Telluride of lead, 40 
Tellurium, Betts process, 620 
cupelBng process, 592 
distillation zinc crust, 574 
-lead, 23 

niter slag, refining silver, 615 
Parkes protess, 498 
softening lead bullion, 517 
Temperature, blast furnace, throat and tuy- 
eres, 339 

converting matte, Tooele, 421 
cupellation, 598 

hand-roasting reverberatory furnace, 14S 
Parkes process, zinc-stirring, 548 
Pattinson process, 469 
reverberatory smelting, 68 
sampling lead bullion, 384 
Tenacity, lead slags, 314 
Tensile strength, lead, 8 
Terhune, detachable matte-tap, overflow-pot 
261 

exchangeable bottom, slag-pot, 259 
slag-granulating plant, 284 
Ternary lead alloys, 17, 24, 30, 33 
Test-ring, English cupelling furnace, 607 
support, 610 

Theory, Betts process, 619 
blast roasting, 1 58 
Parkes process, 495, 500, 501 
Pattinson process, 468 
Thermal balance, blast furnace, 345 
Thermochemical properties, lead slags, 307 
Thermophysical properties, lead slags, 31 1 
Ihum, electrolyzing vat, Betts process, 63c 
process, 494 

Time required, blowing-in blast furnace, ^ 
cupelling English furnace, 618 ■ 

German furnace, 600 
Luce-Rozaxt process, 475, 480 
Parkes princess, 549 

- -1-.. — *T — Wgst furnace, 3, 




